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TjEftj members of an Association whose studies involve perpetual con- 
templation of settled law and ordered evolution, whose objects are to 
seek patiently for the truth of things and to extend the dominion of man 
over the forces of nature, are even more deeply ” ' dged than other men 
to loyalty to the Crown and the Constitution whi procure for them the 
essential conditions of calm security and social ' ility. I am confident 
that I express the sentiments of all now befo’^^'‘me when I say that to 
our loyal respect for his high office we add a w aer feeling of loyalty and 
attachment to the person of our Gracious Sovereign. It is the peculiar 
felicity of the British Association that, since its foundation seventy-one 
years ago, it has always been easy and natural to cherish both these senti- 
ments, which indeed can never be dissociated without peril. At this, our 
second meeting held under the present reign, these sentiments are realised 
all the more vividly, because, in common with the whole empire, we have 
recently passed through a period of acute apprehension, followed by the 
uplifting of a national deliverance. The splendid and imposing coronation 
ceremony which took place just a month ago was rendered doubly 
impressive both for the King and his people by the universal conscious- 
ness that it was also a service of thanksgiving for escape from imminent 
peril. In offering to His Majesty our most hearty congratulations upon 
his singularly rapid recovery from a dangerous illness, we rejoice to think 
that the nation has received gratifying evidence of the vigour of his 
constitution, and may, with confidence more assured than before, pray 
that he may have length of happy and prosperous days. Ko one in his 
wide dominions is more competent than the King to realise how much he 
owes, not only to the skill of his surgeons, but also to the equipment 
which has been placed in their hands as the combined' result of scientific 
investigation in many and diverse directions. He has already displayed 
a profound and sagacious interest in the discovery of methods for dealing 
with some of the most intractable maladies that still baffle scientific 
penetration j. nor can w^ doubt that this interest extends to other forms 
of scientific investigation, more directly connected with the amelioration 
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of tlie lot of the healthy than with the relief of the sick. Heredity 
imposes obligations and also confers aptitude for their discharge.' If 
His Majesty’s royal mother throughout her long and beneficent reign 
set him a splendid example of devotion to the burdensome labours of 
State which must necessarily absorb the chief part of his energies, 
his father no less clearly indicated the great part he may play in 
the encouragement of science. Intelligent appreciation of scientific 
work and needs is not less but more necessary in the highest quarters 
to-day than it was forty-three years ago, when His Koyal Highness 
the Prince Consort brought the matter before this Association in 
the following memorable passage in his Presidential Address : ‘We 
may be justified, however, in hoping that by the gradual diffusion of 
science and its increasing recognition as a principal part of our national 
education, the public in general, no less than the legislature and the 
State, will more and more recognise the claims of science to their atten- 
tion ; so that it may no longer require the begging box, but speak to the 
State like a favoured child to its parent, sure of his paternal solicitude 
for its welfare ; that the State will recognise in science one of its 
elements of strength and prosperity, to protect which the clearest dictates 
of self-interest demand.’ Had this advice been seriously taken to heart 
and acted upon by the rfi ^rs of the nation at the time, what splendid 
results would have accrued to this country ! We should not now be 
painfully groping in the dark after a system of national education. We 
should not be wasting money, and time more valuable than money, in 
building imitations of foreign educational superstructures before having 
put in solid foundations. We should not be hurriedly and distractedly 
casting about for a system of tactics after confrontation with the dis- 
ciplined and co-ordinated forces of industry and science led and directed 
by the rulers of powerful States. Forty-three years ago we should have 
started fair had the Prince Consort’s views prevailed. As it is, we have 
lost ground which it will tax even this nation’s splendid reserves of 
individual initiative to recover. Although in this country the king 
rules, but does not govern, the Constitution and the structure of English 
society assure to him a very potent and far-reaching influence upon 
those who do govern. It is hardly possible to overrate the benefits that 
may accrue from his intelligent and continuous interest in the great 
problem of transforming his people into a scientifically educated nation. 
From this point of view we may congratulate ourselves that the heir to 
the Crown, following his family traditions, has already deduced from his 
own observations in different parts of the empire some very sound and 
valuable conclusions as to the national needs at the present day. 

Griffith — Gilbert— Cornu. 

The saddest yet the most sacred duty falling us on such an occa-sion 
as the present is to pay our tribute to the memory of old conirades and 
fellow-workers whom we shall meet no more. We miss to-day a figure 
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that has been familiar, conspicuous, and always congenial at the meetings 
of the British Association during the last forty years. Throughout the 
greater part of that period Mr. George Griffith discharged the onerous 
and often delicate duties of the assistant general secretary, not only with 
•conscientious thoroughness and great ability, but also with urbanity, tact, 
and courtesy that endeared him to all. His years sat lightly upon him, 
and Ms undiminished alertness and vigour caused his sudden death to 
come upon us all with a shock of surprise as well as of pain and grief. 
The British Association owes him a debt of gratitude which must be so 
fully realised by every regular attender of our meetings that no poor 
words of mine are needed to quicken your sense of loss, or to add to the 
poignancy of your regret. 

The British Association has to deplore the loss from among us of Sir 
Joseph Gilbert, a veteran who continued to the end of a long life to 
pursue his important and beneficent researches with untiring energy. 
The length of his services in the cause of science cannot be better indi- 
cated than by recalling the fact that he was one of the six past Presidents 
boasting fifty years’ membership whose jubilee was celebrated by the 
Chemical Society in 1898. He was in fact an active member of that 
Society for over sixty years. Early in his career he devoted himself to a 
most important but at that time little cultivated field of research. He 
strove with conspicuous success to place the oldest of industries on a 
scientific basis, and to submit the complex conditions of agriculture to a 
systematic analysis. He studied the physiology of plant life in the open 
‘air, not with the object of penetrating the secrets of structure, but with 
the more directly utilitarian aim of establishing the conditions of success- 
ful and profitable cultivation. By a long series of experiments alike well 
conceived and laboriously carried out, he determined the effects of varia- 
tion in soil, and its chemical treatment — in short, in all the unknown 
factors with which the farmer previously had to deal according to 
empirical and local rules, roughly deduced from undigested experi- 
ence by uncritical and rudimentary processes of inference. Gilbert had 
the faith, the insight, and the courage to devote his life to an investi- 
gation so difficult, so unpromising, and so unlikely to bring the rich 
rewards attainable by equal diligence in other directions, as to offer no 
attraction to the majority of men. The tabulated results of the Rotham- 
sted experiments remain as a benefaction to mankind and a monument 
of indomitable and disinterested perseverance. 

It is impossible for me in this place to offer more than the barest 
indication of the great place in contemporary science that has been 
vacated by the lamented death of Professor Alfred Cornu, who so worthily 
upheld the best traditions of scientific Prance. He was gifted in a high 
degree with the intellectual lucidity, the mastery of form, and the perspicuous 
method which charactemse the best exponents of Prench thought in all 
departments of study. After a brilliant career as a student, he was 
chosen at the early age of twenty-six to fill one of the enviable positions 
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more numerous in Paris than in London, the Professorship of Physics at 
the 6cole Polytechnique. In that post, which he occupied to the end of 
bis life, he found what is probably the ideal combination for a man of 
science — leisure and material equipment for original research, together 
with that close and stimulating contact with practical affairs afforded by 
his duties as teacher in a great school, almost ranking as a department of 
State. Oornu was admirable alike in the use he made of his opportuni- 
ties and in his manner of discharging his duties. He was at once a great 
investigator and a great teacher. I shall not even attempt a summary, 
which at the best must be very imperfect, of his brilliant achievements in 
optics, the study of his predilection, in electricity, in acoustics, and in the 
field of physics generally. As a proof of the great estimation in which he 
was held, it is sufficient to remind you that he had filled the highest presi- 
dential offices in French scientific societies, and that he was a foreign 
member of our Royal Society and a recipient of its Rumford medal. In 
this country he had many friends, attracted no less by his personal and 
social qualities than by his commanding abilities. Some of those here 
present may remember his appearance a few years ago at the Royal 
Institution, and more recently his delivery of the Rede Lecture at Cam- 
bridge, when the University conferred upon him the honorary degree of 
Doctor of Science, His death has inflicted a heavy blow upon our 
generation, upon Prance, and upon the world. 

The Progress of Belfast. 

A great man has observed that the intelligent anticipation of 
events before they occur ’ is a factor of some importance in human aflkirs. 
One may suppose that intelligent anticipation had something to do with 
the choice of Belfast as the meeting-place of the British Association this 
year. Or, if it had not, then it must be admitted that circumstances have 
conspired, as they occasionally do, to render the actual selection peculiarly 
felicitous. Belfast has perennial claims, of a kind that cannot easily be 
surpassed, to be the scene of a great scientific gathering — claims founded 
upon its scientific traditions and upon the conspicuous energy and success 
with which its citizens have prosecuted in various directions the applica- 
tion of science to the purposes of life. It is but the other day that the 
whole nation deplored at the grave of Lord Dufferin the loss of one of 
the most distinguished and most versatile public servants of the age. 
That great statesman and near neighbour of Belfast was a typical 
expression of the qualities and the spirit which have made Belfast what it 
is, and have enabled Ireland, in spite of all drawbacks, to play a great part 
in the Empire. I look round on your thriving and progressive city 
giving evidence of an enormous aggregate of industrial efforts intelligently 
organised and directed for the building up of a sound social fabric, I find 
that your great industries are interlinked and inl^rwoven with the whole 
economic framework of the Empire, and that you are silently and irre- 
sistibly compelled to harmonious co-operation by practical considerations 
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acting upon the whole community. It is here that I look for the real 
Ireland, the Ireland of the future. We cannot trace with precision the 
laws that govern the appearance of eminent men, but we may at least 
learn from history that they do not spring from every soil. They do not 
appear among decadent races or in ages of retrogression. They are the 
fine flower of the practical intellect of the nation working studiously and 
patiently in accordance with the great laws of conduct. In the manifold 
activities of Belfast we have a splendid manifestation of individual energy 
working necessarily, even if not altogether consciously, for the national 
good. In great Irishmen like Lord Dufferin and Lord Roberts, giving 
their best energies for the defence of the nation by diplomacy or by war, 
we have complementary evidence enough to reassure the most timid con- 
cerning the real direction of Irish energies and the vital nature of Irish 
solidarity with the rest of the Empire. 

Belfast has played a prominent part in a transaction of a somewhat 
special and significant kiiid, which has proved not a little confusing and 
startling to the easy-going public. The significance of the shipping com- 
bination lies in the light it throws on the conditions and tendencies which 
make such things possible, if not even inevitable. It is an event forcibly 
illustrating the declaration of His Royal Highness the Prince of Wales, 
that the nation must ‘ wake up ’ if it hopes to face its growing responsi- 
bilities. Belfast may plead with some justice that it, at least, has never 
gone to sleep. In various directions an immense advance has been 
effected during the twenty-eight years that have elapsed since the last 
visit of the British Association. Belfast has become first a city and then 
a county, and now ranks as one of the eight largest cities in the United 
Kingdom. Its municipal area has been considerably extended, and its 
population has increased by something like 75 per cent. It has not only 
been extended, but improved and beautified in a manner which very 
few places can match, and which probably none can surpass. Pine new 
thoroughfares, adorned with admirable public institutions, have been run 
through areas once covered with crowded and squalid buildings. Com- 
pared with the early fifties, when iron shipbuilding was begun on a very 
modest scale, the customs collected at the port have increased tenfold. 
Since the introduction of the power-loom, about 1850, Belfast has dis- 
tanced all rivals in the linen industry, which continues to flourish not- 
withstanding the fact that most of the raw material is now imported, 
instead of being produced, as in former times, in Ulster. Extensive 
improvements have been carried out in the port at a cost of several 
millions, and have been fully justified by a very great expansion of trade. 
These few bare facts suffice to indicate broadly the immense strides taken 
by Belfast in the last two decades. For an Association that exists for 
the advancement of science it is stimulating and encouraging to find itself 
in the midst of a vigorctiiis community, successfully applying knowledge to 
the ultimate purpose ^f all human effort, the amelioration of the common 
lot by an ever-increasing mastery of the powers and resources of Nature. 
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Tyndall and Evolution. 

The Presidential Address delivered by Tyndall in this city twenty- 
eight years ago will always rank as an epoch-making deliverance. Of all 
the men of the time, Tyndall was one of the best equipped for the 
presentation of a vast and complicated scientific subject to the mass of 
his fellow-men. Gifted with the powers of a many-sided original investi- 
gator, he had at the same time devoted much of his time to an earnest 
study of philosophy, and his literary and oratorical powers, coupled with 
a fine poetic instinct, were qualifications which placed him in the front 
rank of the scientific representatives of the later Victorian epoch, and 
constituted him an exceptionally endowed exponent of scientific thought. 
In the Belfast discourse Tyndall dealt with the changing aspects of the 
long unsettled hori2on of human thought, at last illuminated by the- 
sunrise of the doctrine of evolution. The consummate art with which he 
marshalled his scientific forces for the purpose of effecting conviction of 
the general truth of the doctrine has rarely been surpassed. The courage, 
the lucidity, the grasp of principles, the moral enthusiasm with which he- 
treated his great theme, have powerfully aided in effecting a great 
intellectual conquest, and the victory assuredly ought to engender no- 
regrets. 

Tyndall’s views as a strenuous supporter and believer in the theory of 
evolution were naturally essentially optimistic. He had no sympathy 
with the lugubrious pessimistic philosophy whose disciples are for ever- 
intent On administering rebuke to scientific workers by reminding them 
that, however much knowledge man may have acquired, it is as nothing, 
compared with the immensity of his ignorance. That truth is indeed 
never adequately realised except by the man of science, to whom it is- 
brought home by repeated experience of the fact that his most promising 
excursions into the unknown are invariably terminated by barriers which, 
for the time at least, are insurmountable. He who has never made such 
excursions with patient labour may indeed prattle about the vastness of 
the unknown, but he does so without real sincerity or intimate conviction.. 
His tacit, if not his avowed, contention is, that since we can never know 
all it is not worth while to seek to know more ; and that in the profundity 
of his ignorance he has the right to people the unexplored spaces with the 
phantoms of his vain imagining. The man of science, on the contrary^ 
finds in the extent of his ignorance a perpetual incentive to further 
exertion, and in the mysteries that surround him a continual invitation^, 
nay, more, an inexorable mandate. Tyndall’s writings abundantly prove 
that he had faced the great problems of man’s existence with that calm 
intellectual courage, the lack of which goes very far to explain the nervous- 
dogmatism of nescience. Just because he had done this, because he had, 
as it were, mapped out the boundaries between •\^at is knowable though 
not yet known and what must remain for ever uftknowable to man, he- 
did not hesitate to place implicit reliance on the progress of which man is 
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capable, through the exercise of patient and persistent research. In 
Tyndall’s scheme of thought the chief dicta were the strict division of the 
world of knowledge from that of emotion, and the lifting of life by 
throwing overboard the malign residuum of dogmatism, fanaticism, and 
intolerance, thereby stimulatingandnourishing a plastic vigour of intellect. 
His Cry was ‘ Commotion before stagnation, the leap of the torrent before 
the stillness of the swamp.’ 

His successors have no longer any need to repeat those significant 
words, ‘ We claim and we shall wrest from theology the entire domain of 
cosmological theory.’ The claim has been practically, though often 
unconsciously, conceded. Tyndall’s dictum, ‘ Every system must be plastic 
to the extent that the growth of knowledge demands,’ struck a note that 
was too often absent from the heated discussions of days that now seem so 
strangely remote. His honourable admission that, after all that had been 
achieved by the developmental theory, ‘the whole process of evolution is 
the manifestation of a power absolutely inscrutable to the intellect of 
man,’ shows how willingly he acknowledged the necessary limits of 
scientific inquiry. This reservation did not prevent him from expressing 
the conviction forced upon him by the pressure of intellectual necessity, 
after exhaustive consideration of the known relations of living things, 
that matter in itself must be regarded as containing the promise and 
potency of all terrestrial life. Bacon in his day said very much the same 
thing: ‘He that will know the properties and proceedings of matter 
should comprehend in his understanding the sum of all things, which 
have been, which are, and which shall be, although no knowledge can 
extend so far as to singular and individual beings.’ Tyndall’s conclusion 
was at the time thought to be based on a too insecure projection into the 
unknown, and some even regarded such an expansion of the crude 
properties of matter as totally unwarranted. Yet Tyndall was certainly 
no materialist in the ordinary acceptation of the term. It is true his 
arguments, like all arguments, were capable of being distorted, especially 
when taken out of their context, and the address became in this way an 
easy prey for hostile criticism. The glowing rhetoric that gave charm to 
his discourse and the poetic similes that clothed the dry bones of his close- 
woven logic were attacked by a veritable broadside of critical artillery. 
At the present day these would be considered as only appropriate 
artistic embellishments, so great is the unconscious change wrought in our 
surroundings. It must be remembered that, while Tyndall discussed the 
evolutionary problem from many points of view, he took up the position 
of a practical disciple of Nature dealing with the known experimental and 
observational realities of physical inquiry. Thus he accepted as fundamental 
concepts the atomic theory, together with the capacity of the atom to 
be the vehicle or repository of energy, and the grand generalisation of the 
conservation of energy. Without the former, Tyndall doubted whether it 
would be possible to frame a theory of the material universe ; and as to 
the latter he recognised its radical significance in that the ultimate 
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philosophical issues therein involved were as yet but dimly seen. That such 
generalisations are provisionally accepted does not mean that science is 
not alive to the possibility that what may now be regarded as fundamental 
may in future be superseded or absorbed by a wider generalisation. It is 
only the poverty of language and the necessity for compendious expression 
that oblige the man of science to resort to metaphor and to speak of the 
Laws of Nature. In reality, he does not pretend to formulate any laws 
for Nature, since to do so would be to assume a knowledge of the inscru- 
table cause from which alone such laws could emanate. When he speaks 
of a ‘ law of Nature’ he simply indicates a sequence of events which, so far 
as his experience goes, is invariable, and which therefore enables him to 
predict, to a certain extent, what will happen in given circumstances. 
But, however seemingly bold may be the speculation in which he permits 
himself to indulge, he does not claim for his best hypothesis more than 
provisional validity. He does not forget that to-morrow may bring a new 
experience compelling him to recast the hypothesis of to-day. This plas- 
ticity of scientific thought, depending upon reverent recognition of the 
vastness of the unknown, is oddly made a matter of reproach by the very 
people who harp upon the limitations of human knowledge. Yet the 
essential condition of progress is that we should generalise to the best of 
our ability from the experience at command, treat our theory as provi- 
sionally true, endeavour to the best of our power to reconcile with it all 
the new facts we discover, and abandon or modify it when it ceases to 
afford a coherent explanation of new experience. That procedure is 
far as are the poles asunder from the presumptuous attempt to travel 
beyond the study of secondary causes. Any discussion as to whether 
matter or energy was the true reality would have appeared to Tyndall as 
a futile metaphysical disputation, which, being completely dissociated from 
verified experience, would lead to nothing. N o explanation was attempted 
by him of the origin of the bodies we call elements, nor how some of such 
bodies came to be compounded into complex groupings and built up into 
special structures with which, so far as we know, the phenomena charac- 
teristic of life are invariably associated. The evolutionary doctrine leads 
us to the conclusion that life, such as we know it, has only been possible 
during a short period of the world’s history, and seems equally destined to 
disappear in the remote future j but it postulates the existence of a 
material universe endowed with an infinity of powers and properties, the 
origin of which it does not pretend to account for. The enigma at both 
ends of the scale Tyndall admitted, and the futility of attempting to 
answer such questions he fully recognised. Nevertheless, Tyndall did not 
mean that the man of science should be debarred from speculating as to the 
possible nature of the simplest forms of matter or the mode in which life may 
have originated on this planet. Lord Kelvin, in his Presidential Address, 
put the position admirably when he said ‘ Science is bound by the ever- 
lasting law of honour to face fearlessly every pi^blem that can fairly be 
presented to it. If a probable solution consistent wfth the ordinary course 
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of Nature can be found, we must not invoke an abnormal act of Creative 
Power ’ ; and in illustration be forthwith proceeded to express his convic- 
tion that from time immemorial many worlds of life besides our own have 
existed, and that ‘ it is not an unscientific hypothesis that life originated 
on this earth through the moss-grown fragments from the ruins of another 
world.’ In spite of the great progress made in science, it is curious to 
notice the occasional recrudescence of metaphysical dogma. Eor instance, 
there is a school which does not hesitate to revive ancient mystifications 
in order to show that matter and energy can be shattered by philosophical 
arguments, and have no objective reality. Science is at once more humble 
and more reverent. She confesses her ignorance of the ultimate nature 
of matter, of the ultimate nature of energy, and still more of the origin 
and ultimate synthesis of the two. She is content with her patient inves- 
tigation of secondary causes, and glad to know that since Tyndall spoke in 
Belfast she has made great additions to the knowledge of general mole- 
cular mechanism, and especially of synthetic artifice in the domain of 
organic chemistry, though the more exhaustive acquaintance gained only 
forces us the more to acquiesce in acknowledging the inscrutable mystery 
of matter. Our conception of the power and potency of matter has grown 
in little more than a quarter of a century to much more imposing dimen- 
sions, and the outlook for the future assuredly suggests the increasing 
acceleration of our rate of progress. For the impetus he gave to scientific 
work and thought, and for his fine series of researches chiefly directed to 
what Newton called the more secret and noble works of Nature within 
the corpuscules, the world owes Tyndall a debt of gratitude. It is well 
that his memory should be held in perennial respect, especially in the land 
of his birth. 

The Endowment of Education, 

These are days of munificent benefactions to science and education, 
which however are greater and more numerous in other countries 
than in our own. Splendid as they are, it may be doubted, if we 
take into account the change in the value of money, the enormous 
increase of population, and the utility of science to the builders of colossal 
fortunes, whether they bear comparison with the efforts of earlier days. 
But the habit of endowing science was so long in practical abeyance that 
every evidence of its resumption is matter for sincere congratulation. 
Mr. Cecil Rhodes has dedicated a very large sum of money to the advance- 
ment of education, though the means he has chosen are perhaps not the 
most effective. It must be remembered that his aims were political as 
much as educational. He had the noble and worthy ambition to promote 
enduring friendship between the great English-speaking communities of 
the world, and knowing the strength of college ties he conceived that this 
end might be greatly furthered by bringing together at an English univer- 
sity the men who wguid presumably have much to do in later life with 
the influencing of opinion, or even with the direction of policy. It has 
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beeE held by some a striking tribute to Oxford that a man but little given 
to academic pursuits or modes of thought should think it a matter of 
high importance to bring men from our colonies or even from Germany, 
to submit to the formative influences of that ancient seat of learning. 
But this is perhaps reading Mr. Ehodes backwards. He showed his 
affectionate recollection of his college days by his gift to Oriel. But, apart 
from the main idea of fostering good relations between those who will 
presumably be influential in England, in the colonies, and in the United 
States, Mr Rhodes was probably influenced also by the hope that the 
influx of strangers would help to broaden Oxford notions and to procure 
revision of conventional arrangements. 

Dr. Andrew Carnegie’s endowment of Scottish universities, as modi- 
fied by him in deference to expert advice, is a more direct benefit to the 
higher education. For while Mr. Rhodes has only enabled young men to 
get what Oxford has to give, Dr, Carnegie has also enabled his trustees 
powerfully to augment and improve the teaching equipment of the univer- 
sities themselves. At the same time he has provided as far as possible 
for the enduring usefulness of his money. His trustees form a permanent 
body external to the universities, which, while possessing no power of 
direct control, must always, as holder of the purse-strings, be in a position 
to offer independent and weighty criticisms. More recently Dr. Carnegie 
has devoted an equal sum of ten million dollars to the foundation of a 
Carnegie Institution in Washington. Hez'e again he has been guided by 
the same ideas. He has neither founded a university nor handed over 
the money to any existing university. He has created a permanent trust 
charged with the duty of watching educational eflbrts and helping them 
from the outside according to the best judgment that can be formed in 
the circumstances of the moment. Its aims are to be — to promote original 
research ; to discover the exceptional man in every department of study, 
whether inside or outside of the schools, and to enable him to make his 
special study his life-work ; to increase facilities for higher education ; to 
aid and stimulate the universities and other educational institutions ; to 
assist students who may prefer to study at Washington ; and to ensure 
prompt publication of scientific discoveries. The general purpose of the 
founder is to secure, if possible, for the United States leadership in the 
domain of discovery and the utilisation of new forces for the benefit of 
man. Nothing will more powerfully further this end than attcmtion to 
the injunction to lay hold of the exceptional man whenever and wherever 
he maybe found, and, having got him, to enable him to carry on the work 
for which 'he seems specially designed. That means, I imagine, a scouring 
of the old world, as well as of the new, for the best men in every depart- 
ment of study~in fact, an assiduous collecting of brains similar to the col- 
lecting of rare books and works of art which Americans are now carrying 
on in so lavish a manner. As in diplomacy and w^r, so in science, we owe 
our reputation, and no small part of our prosperity ,40 exceptional men ; 
and that we do not enjoy these things in fuller measure we owe to our 
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lack of an army of well-trained ordinary men capable of utilising tlieir 
ideas. Our exceptional men have too often worked in obscurity, without 
recognition from a public too imperfectly instructed to guess at their 
greatness, without assistance from a State governed largely by dialec- 
ticians, and without help from academic authorities hidebound by the 
pedantries of medieval scholasticism. I'or such men we have to wait upon, 
the will of Heaven. Even Dr. Carnegie will not always find them when 
they are wanted. But what can be done in that direction will be done 
by institutions like Dr. Carnegie’s, and for the benefit of the nation that 
possesses them in greatest abundance and uses them most intelligently. 
When contemplating these splendid endowments of learning, it occurred 
to me that it would be interesting to find out exactly what some definite 
quantity of scientific achievement has cost in hard cash. In an article 
by Carl Snyder in the January number of the ^BTorth American Review,’’ 
entitled ‘America’s Inferior Place in the Scientific World,’ I found the 
statement that ‘it would be hardly too much to say that during 
the hundred years of its existence the Royal Institution alone has- 
done more for English science than all of the English universities put. 
together. This is certainly true with regard to British industry, for it. 
was here that the discoveries of Earaday were made.’ I was emboldened 
by this estimate from a distant and impartial observer to do, what other- 
wise I might have shrunk from doing, and to take the Royal Institution — 
after all, the foundation of an American citizen, Count Rumford — as the-- 
basis of my inquiry. The work done at the Royal Institution during the- 
past hundred years is a fairly definite quantity in the mind of every man 
really conversant with scientific affairs. I have obtained from the books^ 
accurate statistics of the total expenditure on experimental inquiry and 
public demonstrations for the whole of the nineteenth century. The- 
items are : 


£ 

Professors’ Salaries— Physics and Chemistry . 64;, 600 

Laboratory Expenditure .... 24,430 

Assistants’ Salaries 21,590 


Total for one hundred years . . . £100,620 


In addition, the members and friends of the Institution have contri- 
buted to a fund for exceptional expenditure for Experimental Research the 
sum of 9,580?. It should also be mentioned that a Civil List pension of' 
300?. was granted to Faraday in 1853, and was continued during twenty- 
seven years of active work and five years of retirement. Thirty-two- 
years in all, at 300?. a year, make a sum of 9,600?., representing the national 
donation, which, added to the amount of expenditure just stated, brings up 
the total cost of a century of scientific]^work in the laboratories of the 
Royal Institution, tog^ether with public demonstrations, to 119,800?., or 
an average of 1,200?. per annum. I think if you recall the names and 
achievements of Young, Davy, Earaday, and Tyndall, you will come to the* 
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conclusion that the exceptional man is about the cheapest of natural 
products. It is a popular fallacy that the Royal Institution is hand- 
somely endowed. On the contrary, it has often been in financial straits ; 
and since its foundation by Count Rumford its only considerable bequests 
have been one from Thomas G. Hodgkins, an American citizen, for 
Experimental Research, and that of John Fuller for endowing with 95?. a 
year the chairs of Chemistry and Physiology. In this connection the 
Eavy-Faraday Laboratory, founded by the liberality of Dr. Ludwig 
Mond, will naturally occur to many minds. But though affiliated to the 
Royal Institution, with, I hope, reciprocal indirect advantages, that 
Laboratory is financially independent and its endowments are devoted to 
its own special purpose^ which is to provide opportunity to prosecute 
independent research for worthy and approved applicants of all nationali- 
ties. The main reliance of the Royal Institution has always been, and 
still remains, upon the contributions of its members, and upon corre- 
sponding sacrifices in the form of time and labour by its professors. It 
may be doubted whether we can reasonably count upon a succession of 
scientific men able and willing to make sacrifices which the conditions of 
modern life tend to render increasingly burdensome. Modern science is 
in fact in something of a dilemma. Devotion to abstract research upon 
small means is becoming always harder to maintain, while at the same 
time the number of wealthy independent searchers after truth and 
patrons of science of the style of J oule, Spottiswoode, and De la Rue is 
apparently becoming smaller. The installations required by the refine- 
ments of modern science are continually becoming more costly, so that 
upon all grounds it would appear that without endowments of the 
kind provided by Dr. Carnegie the outlook for disinterested research is 
rather dark. On the other hand, these endowments, unless carefully 
administered, might obviously tend to impair the aingle-mind(Kl devotion 
to the search after truth for its own sake, to which science has owed 
almost every memorable advance made in the past. Tlie Carnegie 
Institute will dispose in a year of as much money as the members of the 
Royal Institution have expended in a century upon its purely scientific 
work. It will at least be interesting to note how far the output of high- 
class scientific work corresponds to the hundredfold application of money 
to its production. Nor will it be of less interest to the people of this 
country to observe the results obtained from that moiety of Dr. Carnegie’s 
gift to Scotland which is to be applied to the promotion of scientific 
research. 


Applied Chemistry j English and Foreign. 

The Diplomatic and Consular reports published from time to time by 
the Foreign Office are usually too belated to be of much use to business 
men, but they sometimes contain information concerning what is dene in 
foreign countries which affords food for reflection. One of these nq>ort8, 
issued a year ago, gives a very good account of the German arrangenients 
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and provisions for scientific training, and of the enormous commercial 
demand for the services of men who have passed successfully through the 
universities and Technical High Schools, as well as of the wealth that 
has accrued to Germany through the systematic application of scientific 
proficiency to the ordinary business of life* 

Taking these points in their order, I have thought it a matter of great 
interest to obtain a comparative view of chemical equipment in this 
country and in Germany, and I am indebted to Professor Henderson of 
Glasgow, who last year became the secretary of a committee of this 
Association of which Professor Armstrong is chairman, for statistics 
referring to this country, which enable a comparison to be broadly made. 
The author of the consular report estimates that in 1901 there were 
4,500 trained chemists employed in German works, the number having risen 
to this point from 1,700 employed twenty-five years earlier. It is difficult 
to give perfectly accurate figures for this country, but a liberal estimate 
places the number of works chemists at 1,500, while at the very outside 
it cannot be put higher than somewhere between 1,500 and 2,000. In 
other words, we. cannot show in the United Kingdom, notwithstanding 
the immense range of the chemical industries in which we once stood 
prominent, more than one-third of the professional staff employed in 
Germany. It may perhaps be thought or hoped that we make up in 
quality for our defect in quantity, but unfortunately this is not the case. 
On the contrary, the German chemists are, on the average, as superior in 
technical training and acquirements as they are numerically. Details are 
given in the report of the training of 633 chemists employed in German 
works. Of these, 69 per cent, hold the degree of Ph.D., about 10 per cent, 
hold the diploma of a Technical High School, and about 5 per cent, hold both 
qualifications. That is to say 84 per cent, have received a thoroughly 
systematic and complete chemical training, and 74 per cent, of these add the 
advantages of a university career. Compare with this the information 
furnished by 500 chemists in British works. Of these only 21 per cent, are 
graduates, while about 10 per cent, hold the diploma of a college. Putting 
the case as high as we can, and ignoring the more practical and thorough 
training of the German universities, which give their degrees for work done, 
and not for questions asked and answered on paper, we have only 31 per cent, 
of systematically trained chemists against 84 per cent, in German works. 
It ought to be mentioned that about 21 per cent, of the 500 are Bellows 
or Associates of the Institute of Chemistry, whatever that may amount 
to in practice, but of these a very large number have already been 
accounted for under the heads of graduates and holders of diplomas. 
These figures, which I suspect are much too favourable on the British 
side, unmistakably point to the prevalence among employers in this 
country of the antiquated adherence to rule of thumb, which is at the 
root of much of the backwardness we have to deplore. It hardly needs 
to be pointed out t<^such an audience as the present that chemists who 
are neither graduates of a university, nor holders of a diploma from a 
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technical college, may be competent to carry on existing processes 
according to traditional methods, but are Tery unlikely to effect sub- 
stantial improvements, or to invent new and more efficient processes. I 
am very far from denying that here and there an individual may be found 
whose exceptional ability enables him to triumph over all defects of 
training. But in all educational matters it is the average man whom we 
have to consider, and the average ability which we have to develop. 
Now, to take the second point— the actual money value of the indus- 
tries carried on in Germany by an army of workers both quantitatively 
and qualitatively so superior to our own. The Consular report estimates 
the whole value of German chemical industries at not less than fifty 
millions sterling per annum. These industries have sprung up within the 
last seventy years, and have received enormous expansion during the last 
thirty. They are, moreover, very largely founded upon basic discoveries 
made by English chemists, but never properly appreciated or scientifically 
developed in the land of their birth. I will place before you some figures 
showing the growth of a single firm engaged in a single one of these 
industries — the utilisation of coal tar for the production of drugs, per- 
fumes, and colouring-matters of every conceivable shade. The firm of 
Friedrich Bayer & Co. employed in 1875, 119 workmen. The number 
has more than doubled itself every five years, and in May of this year 
that firm employed 5,000 workmen, 160 chemists, 260 engineers and 
mechanics, and 680 clerks. For many years past it has regularly paid 
18 per cent, on the ordinary shares, which this year has risen to 20 per 
cent . ; and in addition, in common with other and even larger concerns 
in the same industry, has paid out of profits for immense extensions 
usually charged to capital account. There is one of these factories, the 
works and plant of which stand in the books at 1,500,000/., while the 
money actually sunk in them approaches to 5,000,000/. In other words, 
the practical monopoly enjoyed by the German manufacturers enables 
them to exact huge profits from the rest of the world, and to establish a 
position which, financially as well as scientifically, is almost unassailable. 
I must repeat that the fundamental discoveries upon which this gigantic 
industry is built were made in this country, and were practi(!ally 
developed to a certain extent by their authors. But in spiiie of the 
abundance and cheapness of the raw material, and in spite of the evi- 
dence that it could be most remuneratively worked up, these men founded 
no school and had practically no successors. The colours they made were 
driven out of the field by newer and better colours made from their stuff 
by the development of their ideas, but these improved colours wore made 
in Germany and not in England. Now what is the explanation of this 
extraordinary and disastrous phenomenon ^ I give it in a word — want 
of education. We had the material in abundance when other nations 
had comparatively little. We had the capital, anf>^ we had the brains, for 
we originated the whole thing. But we did not possess the diffused edu- 
cation without which the ideas of men of genius cannot fructify beyond 
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the limited scope of an individual I am aware that our patent laws are 
sometimes held responsible. Well, they are a contributory cause ; but it 
must be remembered that other nations with patent laws as protective as 
could be desired have not developed the colour industry. The patent laws 
have only contributed in a secondary degree, and if the patent laws have 
been bad the reason for their badness is again want of education. Make 
them as bad as you choose, and you only prove that the men who made 
them, and the public whom these men try to please, were misled by 
theories instead of being conversant with fact and logic. But the root of 
the mischief is not in the patent laws or in any legislation whatever. 
It is in the want of education among our so-called educated classes, and 
secondarily among the workmen on whom these depend. It is in the 
abundance of men of ordinary plodding ability, thoroughly trained and 
methodically directed, that Germany at present has so commanding an 
advantage. It is the failure of our schools to turn out, and of our manu- 
facturers to demand, men of this kind, which explains our loss of some 
valuable industries and our precarious hold upon others. Let no one 
imagine for a moment that this deficiency can be remedied by any amount 
of that technical training which is now the fashionable nostrum. It is 
an excellent thing, no doubt, but it must rest upon a foundation of 
general training. Mental habits are formed for good or evil long before 
men go to the technical schools. We have to begin at the beginning : we 
have to train the population from the first to think correctly and logically, 
to deal at first hand with facts, and to evolve, each one for himself, the 
solution of a problem put before him, instead of learning by rote the solu- 
tion given by somebody else. There are plenty of chemists turned out, 
even by our Universities, who would be of no use to Bayer <fe Co. They 
are chockfull of formulae, they can recite theories, and they know text- 
books by heart ; but put them to solve a new problem, freshly arisen in 
the laboratory, and you will find that their learning is all dead. It has 
not become a vital part of their mental equipment, and they are floored 
by the first emergence of the unexpected. The men who escape this 
mental barrenness are men who were somehow or other taught to think 
long before they went to the university. To my mind, the really appalling 
thing is not that the Germans have seized this or the other industry, or 
even that they may have seized upon a dozen industries. It is that the 
German population has reached a point of general training and specialised 
equipment which it will take us two generations of hard and intelligently 
directed educational work to attain. It is that Germany possesses a 
national weapon of precision which must give her an enormous initial 
advantage in any and every contest depending upon disciplined and 
methodised intellect. 
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History of Gold and the Absolute Zero. 

It was Tyndall’s good fortune to appear before you at a moment when 
a fruitful and comprehensive idea was vivifying the whole domain of 
scientific thought. At the present time no such broad generalisation 
presents itself for discussion, while on the other hand the number of 
specialised studies has enormously increased. Science is advancing in so 
broad a front by the efforts of so great an army of workers that it would 
be idle to attempt within the limits of an address to the most indulgent of 
audiences anything like a survey of chemistry alone. But I have thought 
it might be instructive, and perhaps not uninteresting, to trace briefly in 
broad outline the development of that branch of study with which my 
own labours have been recently more intimately connected — a study which 
I trust I am not too partial in thinking is as full of philosophical interest as 
of experimental difficulty. The nature of heat and cold must have en- 
gaged thinking men from the very earliest dawn of speculation upon the 
external world \ but it will suffice for the present purpose if, disregarding 
ancient philosophers and even medieval alchemists, we take up the subject 
where it stood after the great revival of learning, and as it was regarded 
by the father of the inductive method. That this was an especially 
attractive subject to Bacon is evident from the frequency with which 
he recurs to it in his different works, always with lamentation over the 
inadequacy of the means at disposal for obtaining a considerable degree 
of cold. Thus in the chapter in the Natural History, ‘Sylva Syl varum,’ 
entitled ‘ Experiments in consort touching the production of cold,’ he says, 
‘The production of cold is a thing very worthy of the inquisition both for 
the use and the disclosure of causes. For heat and cold are nature’s two 
hands whereby she chiefly worketh, and heat we have in readiness in 
respect of the fire, but for cold we must stay till it cometh or seek it in 
deep caves or high mountains, and when all is done we cannot obtain it 
in any great degree, for furnaces of fire are far hotter than a summer sun, 
but vaults and hills are not much colder than a winter’s frost.’ The great 
Robert Boyle was the first experimentalist who followed up Bacon’s sug- 
gestions. In 1682 Boyle read a paper to the Royal Society on ‘New 
Experiments and Observations touching Cold, or an Experimental 
History of Cold,’ published two years later in a separate work. This is 
really a most complete history of everything known about cold up to that 
date, but its great merit is the inclusion of numerous experiments made 
by Boyle himself on frigorific mixtures, and the general efiects of such 
upon matter. The agency chiefly used by Boyle in the conduct of his 
experiments was the glaciating mixture of snow or ice and salt. In the 
course of his experiments he made many important observations. Thus 
he observed that the salts which did not help the snow or ice to dissolve 
faster gave no effective freezing. He showed that(cwater in becoming ice 
expands by about one-ninth of its volume, and burs3^ gun-barrels. He 
attempted to counteract the expansion and prevent freezing by completely 
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filling a strong iron ball with water before cooling ; anticipating that it 
might burst the bottle by the stupendous force of expansion, or that if it 
did not, then the ice produced might under the circumstances be heavier 
than water. He speculated in an ingenious way on the change of water 
into ice. Thus he says, ‘ If cold be but a privation of heat through the 
recess of that ethei'eal substance which agitated the little eel-like particles 
of the water and thereby made them compose a fluid body, it may easily 
be conceived that they should remain rigid in the postures in which the 
ethereal substance quitted them, and thereby compose an unfluid body like 
ice ; yet how these little eels should by that recess acquire as strong an en- 
deavour outwards as if they were so many little springs and, expand them- 
selves with so stupendous a force, is that which does not so readily appear.’ 
The greatest degree of adventitious cold Boyle was able to produce did 
not make air exposed to its action lose a full tenth of its own volume, so 
that, in his own words, the cold does not ‘ weaken- the spring by 
anything near so considerable as one would expect.’ After making 
this remarkable observation and commenting upon its unexpected nature, 
it is strange Boyle did not follow it up. He questions the existence of a 
body of its own nature supremely cold, by participating in which all other 
bodies obtain that quality, although the doctrine of a primum frigidum 
had been accepted by many sects of philosophers ; for, as he says, ‘ if a 
body being cold signify no more than its not having its sensible parts s,o 
much agitated as those of our sensorium, it suffices that the sun or the 
fire or some other agent, whatever it were, that agitated more vehemently 
its parts before, does either now cease to agitate them or agitates them 
but very remissly, so that till it be determined whether cold be a positive 
quality or but a privative it will be needless to contend what particular 
body ought to be esteemed the frigidum.^ The whole elaborate 

investigation cost Boyle immense labour, and he confesses that he ‘never 
handled any part of natural philosophy that was so troublesome and full 
of hardships.’ He looked upon his results but as a ‘ beginning ’ in this 
field of inquiry, and for all the trouble and patience expended he consoled 
himself with the thought of ‘ men being oftentimes obliged to suffer as 
much wet and cold and dive as deep to fetch up sponges as to fetch up 
pearls.’ After the masterly essay of Boyle, the attention of investigators 
was chiefly directed to improving thermometrical instruments. The old 
air thermometer of Galileo being inconvenient to use, the introduction 
of fluid thermometers greatly aided the inquiry into the action of heat and 
■cold. . For a time great difliculty was encountered in selecting proper 
fixed points on the scales of such instruments, and this stimulated men 
like Huygens, Newton, Hooke, and Amontons to suggest remedies and to 
conduct experiments. By the beginning of the eighteenth century the 
freezing-point and the boiling-point of water were agreed upon as fixed 
points, and the only apparent difficulties to be overcome were the selection 
of the fluid, accuratepcalibration of the capillary tube of the thermometer, 
and a general understanding as to scale divisions. It must be confessed 
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that great confusion and inaccuracy in temperature observations arose 
from the variety and crudeness of the instruments. This led Amontons 
in 1702-3 to contribute two papers to the French Academy which reveal 
great originality in the handling of the subject, and which, strange to say, 
are not generally known. The first discourse deals with some new 
properties of the air and the means of accurately ascertaining the 
temperature in any climate. He regarded heat as due to a movement of 
the particles of bodies, though he did not in any way specify the nature 
of the motion involved ; and as the general cause of all terrestrial motion, 
so that in its absence the earth would be without movement in its 
smallest parts. The new facts he records are observations on the spring 
or pressure of air brought about by the action of heat. He shows that 
different masses of air measured at the same initial spring or pressure, 
when heated to the boiling-point of water, acquire equal increments of 
spring or pressure, provided the volume of the gas be kept at its initial 
value. Further, he proves that if the pressure of the gas before heating 
be doubled or tripled, then the additional spring or pressure resulting 
from heating to the boiling-point of water is equally doubled or tripled. 
In other words, the ratio of the total spring of air at two definite 
and steady temperatures and at constant volume is a constant, inde- 
pendent of the mass or the initial pressure of the air in the thermometer. 
These results led to the increased perfection of the air thermometer as a 
standard instrument, Amontons' idea being to express the temperature at 
any locality in fractions of the degree of heat of boiling water. The great 
novelty of the instrument is that temperature is defined by the measure- 
ment of the length of a column of mercury. In passing, he remarks that 
we do not know the extreme of heat and cold, but that ho has given the 
results of experiments which establish correspondences for those who wish 
to consider the subject. In the following year Amontons contributed to 
the Academy a further paper extending the scope of the inquiry. He 
there pointed out more explicitly that as the degrees of heat in his 
thermometer are registered by the height of a column of mercury, which 
the heat is able to sustain by the spring of the air, it follows that the 
extreme cold of the thermometer will be that which reduces the air to 
have no power of spring. This, he says, will be a much greater cold than 
what we call ‘ very cold,^ because experiments have shown that if the 
spring of the air at boiling-point is 73 inches, the degree of heat 
which remains in the air when brought to the freezing-point of water is 
still very great, for it can still maintain the spring of 5U inches. Th€^ 
greatest climatic cold on the scale of units adopted by** Anmutons is 
marked 50, and the greatest summer heat 58, the value for boiling water 
being 73, and the zero being 52 units below the freezing-point. Thus 
Amontons was the first to recognise that the use of air as a thermometric 
substance led to the inference of the existence o^ a zero of temperature, 
and his scale is nothing else than the absolute one v'c are now so familiar 
with. It results from Amontons’ experiments that the air would have no 
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spring left if it were cooled below the freezing-point of water to about 
2^ times the temperature range which separates the boiling-point and the 
freezing-point. In other words, if we adopt the usual centennial differ- 
ence between these two points of temperature as 100 degrees, then the 
zero of Amontons’ air thermometer is minus 240 degrees. This is a 
remarkable approximation to our modern value for the same point of 
minus 273 degrees. It has to be confessed that Amontons’ valuable con- 
tributions to knowledge met with that fate which has so often for a time 
overtaken the work of too-advanced discoverers ; in other words, it 
was simply ignored, or in any case not appreciated by the scientific 
world either of that time or half a century later. It is not till Lambert, 
in his work on ‘Pyrometrie’ published in 1779, repeated Amontons’ 
experiments and endorsed his results that we find any further reference 
to the absolute scale or the zero of temperature. Lambert’s observations 
were made with the greatest care and refinement, and resulted in 
correcting the value of the zero of the air scale to minus 270 degrees as 
compared with Amontons’ mhius 240 degrees. Lambert points out that 
the degree of temperature which is equal to zero is what one may call 
absolute cold, and that at this temperature the volume of the air would 
be practically nothing. In other words, the particles of the air would 
fall together and touch each other and become dense like water ; and from 
this it may be inferred that the gaseous condition is caused by heat. 
Lambert says that Amontons’ discoveries had found few adherents 
because they were too beautiful and advanced for the time in which he 
lived. 

About this time a remarkable observation was made by Professor 
Braun at Moscow, who, during the severe winter of 1759, succeeded in 
freezing mercury by the use of a mixture of snow and nitric acid. When 
we remember that mercury was regarded as quite a peculiar substance 
possessed of the essential quality of fluidity, we can easily understand the 
universal interest created by the experiment of Braun. This was accen- 
tuated by the observations he made on the temperature given by the 
mercury thermometer, which appeared to record a temperature as low as 
minuft 200° C. The experiments were soon repeated by Hutchins 
at Hudson’s Bay, who conducted his work with the aid of suggestions 
given him by Cavendish and Black. The result of the new observations 
was to show that the freezing-point of mercury is only minus 40P C., the 
errors in former experiments having been due to the great contraction of 
the mercury in the thermometer in passing into the solid state. From 
this it followed that the enormous natural and artificial colds which had 
generally been believed in had no proved existence. Still the possible 
existence of a zero of temperature very different from that deduced from’ 
gas thermometry had the support of such distinguished names as those of 
Laplace and Lavoisier.* In their great memoir on ‘Heat,’ after making' 
what they consider ^reasonable hypotheses as to the relation between 
specific heat and total heat, they calculate values for the zero which range: 
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from 1,500° to 3,000° below melting ice. On the whole, they regard the 
absolute zero as being in any case 600° below the freezing-point. Lavoi- 
sier, in his 'Elements of Chemistry’ published in 1792, goes further in 
the direction of indefinitely lowering the zero of temperature when he 
says, ‘We are still very far from being able to produce the degree of abso- 
lute cold, or total deprivation of heat, being unacquainted with any degree 
of coldness which v/e cannot suppose capable of still further augmentation ; 
hence it follows we are incapable of causing the ultimate particles of 
bodies to approach each other as near as possible, and thus these particles 
do not touch each other in any state hitherto known.’ Even as late as 
the beginning of the nineteenth century we find Dalton, in his new system 
of ‘ Chemical Philosophy,’ giving ten calculations of this value, and adopt- 
ing finally as the natural zero of temperature minus 3,000° C. 

In Black’s lectures we find that he takes a very cautious view with 
regard to the zero of temperature, but as usual is admirably clear with 
regard to its exposition. Thus he says, ‘ We are ignorant of the lowest 
possible degree or beginning of heat. Some ingenious attempts have been 
made to estimate what it may be, but they have not proved satisfactory. 
Our knowledge of the degrees of heat may be compared to what we should 
have of a chain, the two ends of which were hidden from us and the 
middle only exposed to our view. We might put distinct marks on some 
of the links, and number the rest according as they are nearest to or 
further removed from the principal links ; but not knowing the distance 
of any links from the end of the chain we could not compare them together 
with respect to their distance, or say that one link was twice as far from 
the end of the chain as another.’ It is interesting to observe, however, 
that Black was evidently well acquainted with the work of Amontons, 
and strongly supports his inference as to the nature of air. Thus, in dis- 
cussing the general cause of vaporisation, Black says that some philoso- 
phers have adopted the view ‘ that every palpable elastic fiuid in nature 
is produced and preserved in this form by the action of heat. Mr. 
Amontons, an ingenious member of the late Koyal Academy of Sciences, 
at Paris, was the first who proposed this idea with respect to the atmo- 
sphere. He supposed that it might be deprived of the whole of its 
-elasticity and condensed and even frozen into a solid matter were it in 
our power to apply to it a sufficient cold ; that it is a substance that 
■differs from others by being incomparably more volatile, and which is 
therefore converted into vapour and preserved in that form by a weaker 
heat than any that ever happened or can obtain in this globe, and which 
therefore cannot appear under any other form than the one it now wears, 
;so long as the constitution of the world remains the same as at present.’ 
The views that Black attributes to Amontons have been generally asso- 
ciated with the name of Lavoisier, who practically admitted kmilar 
possibilities as to the nature of air j but it is mot likely that in such 
matters Black would commit any mistake as to the iwal author of a parti- 
•cular idea, especially in his own department of kno\yle.(lge. Black’s own 
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Special contribution to low-temperature studies was liis explanation of the 
interaction of mixtures of ice with salts and acids by applying the doctrine 
of the latent heat of fluidity of ice to account for the frigorific effect. In 
a similar way Black explained the origin of the cold produced in Cullen’s 
remarkable experiment of the evaporation of ether under the receiver of 
an air-pump by pointing out that the latent heat of vaporisation in this 
case necessitated such a result. Thus, by applying his own discoveries of 
latent heat, Black gave an intelligent explanation of the cause of all the 
low-temperature phenomena known in his day. 

After the gaseous laws had been defiinitely formulated by Gay-Lussac 
and Dalton, the question of the absolute zero of temperature, as deduced 
from the properties of gases, was revived by Clement and Desormes. 
These distinguished investigators presented a paper on the subject to the 
Drench Academy in 1812, which, it appears, was rejected by that body. 
The authors subsequently elected to publish it in 1819. Relying on 
what we know now to have been a faulty hypothesis, they deduced from 
observations on the heating of air rushing into a vacuum the temperature 
of minus 267 degrees as that of the absolute zero. They further en- 
deavoured to show, by extending to lower temperatures the volume or the 
pressure coefficients of gases given by, Gay-Lussac, that at the same 
temperature of minus 267 degrees the gases would contract so as to 
possess no appreciable volume, or, alternatively, if the pressure was under 
consideration, it would become so small as to be non-existent. Although • 
full reference is given to previous work bearing on the same subject, yet, 
curiously enough, no mention is made of the name of Amontons. It 
certainly gave remarkable support to Amontons’ notion of the zero to 
find that simple gases like hydrogen and compound gases like ammonia, 
hydrochloric, carbonic, and sulphurous acids should all point to substan- 
tially the same value for this temperature. But the moat curious fact 
about this research of Clement and Desormes is that Gay-Lussac was a 
bitter opponent of the validity of the inferences they drew either from 
his work or their own. The mode in which Gay-Lussac regarded the 
subject may be succinctly put as follows : A quick compression of air 
to one-fifth volume raises its temperature to 300 degrees, and if this could 
be made much greater and instantaneous the temperature might rise to 
1,000 or 2,000 degrees. Conversely, if air under five atmospheres were 
suddenly dilated, it would absorb as much heat as it had evolved during 
compression, and its temperature would be lowered by 300 degrees. 
Therefore, if air were taken and compressed to fifty atmospheres or 
more, the cold produced by its sudden expansion would have no limit. 
In order to meet this position Clement and Desormes adopted the 
following reasoning : They pointed out that it had not been proved that 
Gay-Lussac was correct in his hypothesis, but that in any case it tacitly 
involves the assumpti(?CL that a limited quantity of matter possesses an 
unlimited supply of heat. If this were the case, then heat would be 
unlike any other measurable thing or quality. It is, therefore, more 
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consistent with the course of nature to suppose that the amount of heat 
in a body is like the quantity of elastic fluid Ailing a vessel, which, while 
definite in original amount, one may make less and less by getting nearer 
to a complete exhaustion. Further, to realise the absolute zero in the 
one case is just as impossible as to realise the absolute vacuum in the 
other ; and as we do not doubt a zero of pressure, although it is unattain- 
able, for the same reason we ought to accept the reality of the absolute 
zero. We know now that G-ay-Lussac was wrong in supposing the 
increment of temperature arising from a given gaseous compression would 
produce a corresponding decrement from an identical expansion. After 
this time the zero of temperature was generally recognised as a fixed 
ideal point, but in order to show that it was hypothetical a distinction 
was drawn between the use of the expressions, zero of absolute tempera- 
ture and the absolute zero. 

The whole question took an entirely new form when Lord Kelvin, in 
1848, after the mechanical equivalent of heat had been detei’mined by 
■Joule, drew attention to the great principles underlying Carnot’s work 
on the ‘ Motive Power of Heat,’ and applied them to an absolute method 
of temperature measurement, which is completely independent of the 
properties of any particular substance. The principle was that for a 
difference of one degree on this scale, between the temperatures of the 
source and refrigerator, a perfect engine should give the same amount of 
work in every part of the scale. Taking the same fixed points as for the 
Centigrade scale, and making 100 of the new degrees cover that range, it 
was found that the degrees not only within that range, but as far beyond 
as expe]rimental data supplied the means of comparison, differed by only 
minute quantities from those of Regnault’s air thermometer. The zero 
of the new scale had to be determined by the consideration that when 
the refrigerator was at the zero of temperature the perfect engine should 
give an amount of work equal to the full mechanical equivalent of the 
heat taken up. This led to a zero of 273 degrees below the temperature 
of freezing water, substantially the same as that deduced from a study 
of the gaseous state. It was a great advance to demonstrate by 
the application of the laws of thermodynamics not only that the zero of 
temperature is a reality, but that it must be located at 273 degrees below 
the freezing-point of water. As no one has attempted to impugn the 
solid foundation of theory and experiment on which Lord Kelvin based 
his thermodynamic scale, the existence of a definite zero of temperature 
must be acknowledged as a fundamental scientific fact. 


Liquefaction of Gases and Cwitinuity of iStaie, 

In these speculations, however, chemists were dealing theoretically 
with temperatures to which they could not maker any but the most dis- 
tant experimental approach, Cullen, the teacher Black, had indeed 
shown how to lower temperature by the evaporation of volatile bodies, 
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/Such as ether, by the aid of the air-pump, and the later experiments of 
Leslie and Wollaston extended the same principle. Davy and Faraday 
made the most of the means at command in liquefying the more con- 
densable gases, while at the same time Davy pointed out that they in turn 
might be utilised to procure greater cold by their rapid reconversion into 
the aeriform state. Still the chemist was sorely hampered by the want 
of some powerful and accessible agent for the production of temperatures 
much lower than had ever been attained. That want was supplied by 
Thilorier, who in 1835 produced liquid carbonic acid in large quantities, 
and further made the fortunate discovery that the liquid could be frozen 
into a snow by its own evaporation. Faraday was prompt to take ad- 
vantage of this new and potent agent. Under exhaustion he lowered its 
boiling-point from minu^ 78° C. to mimis 110° C., and by combining this 
low temperature with pressure all the gases were liquefied by the year 
1844, with the exception of the three elementary gases — hydrogen, nitro- 
gen, and oxygen, and three compound gases— carbonic oxide, marsh gas, 
and nitric oxide ) Andrews some twenty-five years after the work of 
Faraday attempted to induce change of state in the uncondensed gases 
by using much higher pressures than Faraday employed. Combining the 
temperature of a solid carbonic acid bath with pressures of 300 atmospheres, 
Andrews found that none of these gases exhibited any appearance of 
liquefaction in such high states of condensation ; but so far as change of 
volume by high compression went, Andrews confirmed the earlier work 
of Katterer by showing that the gases become proportionately less com- 
pressible with growing pressure. While such investigations were proceed- 
ing, Fegnault and Magnus had completed their refined investigations on 
the laws of Boyle and Gay-Lussac. A very important series of ex- 
periments was made by Joule and Kelvin ‘On the Thermal Effects of 
Fluids in Motion’ about 1862, in which the thermometrical effects of 
passing gases under compression through porous plugs furnished important 
data for the study of the mutual action of the gas molecules. Ko one, 
however, had attempted to make a complete study of a liquefiable gas 
throughout wide ranges of temperature. This was accomplished by 
Andrews in 1869, and his Bakerian Lecture ‘ On the Continuity of the 
Gaseous and Liquid States of Matter’ will always be regarded as an 
epoch-making investigation. During the course of this research Andrews 
observed that liquid carbonic acid raised to a temperature of 31° C. lost 
the sharp concave surface of demarcation between the liquid and the gas, 
the space being now occupied by a homogeneous fluid which exhibited, 
when the pressure was suddenly diminished or the temperature slightly 
lowered, a peculiar appearance of moving or flickering striae, due to great 
local alterations of density. At temperatures above 31° C. the separation 
into two distinct kinds of matter could not be effected even when the 
pressure reached 400 atmospheres. This limiting temperature of the 
change of state frojp gas to liquid Andrews called the critical tempera- 
ture. He showed that this temperature is constant, and differs with each 
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substance, and that it is always associated with a definite pressure peculiar 
to each body. Thus the two constants, critical temperature and pressure, 
which have been of the greatest importance in subsequent investigations, 
came to be defined, and a complete experimental proof was given that 
‘ the gaseous and liquid states are only distinct stages of the same condi- 
tion of matter and are capable of passing into one another by a process 
of continuous change.^ 

In 1873 an essay ‘ On the Continuity of the Gaseous and Liquid State, ^ 
full of new and suggestive ideas, was published by van der Waals, who^ 
recognising the value of Clausius’ new conception of the Virial in Dynamics, 
for a long-continued series of motions, either oscillatory or changing 
exceedingly slowly with time, applied it to the consideration of the mole^ 
cular movements of the particles of the gaseous substance, and after much 
refined investigation, and the fulle5?t experimental calculation available at 
the time, devised his well-known Equation of Continuity. Its paramount 
merit is that it is based entirely on a mechanical foundation, and is in 
no sense empiric ; we may therefore look upon it as having a secure 
foundation in fact, but as being capable of extension and improvement- 
James Thomson, realising that the straight:-line breach of continuous cur- 
vature in the Andrews isothermals was untenable to the physical mind, pro- 
pounded his emendation of the Andrews curves— namely, that they were 
continuous and of S form. We also owe to James Thomson the concep- 
tion and execution of a three-dimensional model of Andrews’ results, which 
has been of the greatest service in exhibiting the three variables by means, 
of a specific surface afterwards greatly extended and developed by Professor 
Willard Gibbs, The suggestive work of James Thomson undoubtedly 
was a valuable aid to van der Waals, for as soon as he reached the point 
where his equation had to show the continuity of the two states this was 
the fi[rst difficulty he had to encounter, and he succeeded in giving the 
explanation. He also gave a satisfactory reason for the existence of a 
minimum value of the product of volume and pressure in the Kegnault 
isothermals. His isothermals, with James Thomson’s completion of them, 
were now shown to be the results of the laws of dynamics. Andrews 
applied the new equation to the consideration of the coefficients of expan- 
sion with temperature and of pressure with temperature, showing that 
although they were nearly equal, nevertheless they were almost independent 
quantities. His investigation of the capillarity constant was masterly, and 
he added further to our knowledge of the magnitudes of the molecules of 
gases and of their mean free paths. Eollowing up the experiments of Joule 
and Kelvin, he showed how their cooling coefficients could be deduced, 
and proved that they vanished at a temperature in each case which is a 
constant multiple of the specifiic critical temperature. The equation of 
continuity developed by van der Waals involved the use of three constants 
instead of one, as in the old law of Boyle and Cfiarles, the latter being 
enly utilised to express the relation of temperature, p^’essure, and volume, 
when the gas is far removed from its point of liquefaction. Of the two 
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new constants one represents tlie molecular pressure arising from tlie 
attraction between the molecules, the other four times the volume of the 
molecules. Given these constants of a gas, van der Waals showed that 
his equation not only fitted into the general characters of the isothermals, 
but also gave the values of the critical temperature, the critical pressure, 
and the critical volume. In the case of carbonic acid the theoretical 
results were found to be in remarkable agreement with the experimental 
values of Andrews. This gave chemists the means of ascertaining the 
critical constants, provided sufficiently accurate data derived from the 
study of a few properly distributed isothermals of the gaseous substance 
were available. Such important data came into the possession of chemists 
when Amagat published his valuable paper on ‘The Isothermals of 
Hydrogen, Nitrogen, Oxygen, Ethylene, &c.,^ in the year 1880. It now 
became possible to calculate the critical data with comparative accuracy 
for the so-called permanent gases oxygen and nitrogen, and this 
was done by Sarrau in 1882. In the meantime a great impulse had 
been given to a further attack upon the so-called permanent gases 
by the suggestive experiments made by Pictet and Cailletet. The 
static liquefaction of oxygen was effected by Wroblewski in 1883, and 
thereby the theoretical conclusions derived from van der Waals’ equation 
were substantially confirmed. The liquefaction of oxygen and air was 
achieved through the use of liquid ethylene as a cooling agent, which 
enabled a temperature of minus 140 degrees to be maintained by its steady 
evaporation in vacuo. From this time liquid oxygen and air came to be 
regarded as the potential cooling agents for future research, commanding 
as they did a temperature of 200 degrees below melting ice. The theoretica^l 
side of the question received at the hands of van der Waals a second 
contribution, which was even more important than his original essay, and 
that was his novel and ingenious development of what he calls ‘The 
Theory of Corresponding States.’ He defined the corresponding states of 
two substances as those in which the ratios of the temperature, pressure, 
and volume to the critical temperature, pressure, and volume respectively 
were the same for the two substances, and in corresponding states he 
showed that the three pairs of ratios all coincided. From this a series of 
remai'kable propositions were developed, some new, some proving previous 
laws that were hitherto only empiric, and some completing and correcting 
faulty though approximate laws. As examples, he succeeded in calculating 
the boiling-point of carbonic acid from observations on ether vapour, 
proved Kopp’s law of molecular volumes, and showed that at corresponding 
temperatures the molecular latent heats of vaporisation are proportional 
to the absolute critical temperature, and that under the same conditions 
the coefficients of liquid expansion are inversely proportional to the 
absolute critical temperature, and that the coefficients of liquid compres- 
sibility are inversely 4 )roportional to the critical pressure. All these 
propositions and deductions are in the main correct, though further 
experimental investigation has shown minor discrepancies requiring 



26 


REPORT — 1902. 


explanation. Various proposals have been made to supplement van der 
Waals’ equation so as to bring it into line with experiments, some being 
entirely empiric, others theoretical. Clausius, Sarrau, Wroblewski, Batteli, 
and others attacked the question empirically, and in the main preserved 
the co-volume (depending on the total volume of the molecules) unaltered 
while trying to modify the constant of molecular attraction. Their success 
depended entirely on the fact that, instead of limiting the number of 
constants to three, some of them have increased them to as many as ten. 
On the other hand, a series of very remarkable theoretical investigations 
has been made by van der Waals himself, by Kammerlingh Onnes, 
Korteweg, Jaeger, Boltzmann, Dieterici, and Bienganum, and others, all 
directed in the main towards an admitted variation in the value of the 
co-volume while preserving the molecular attraction constant. The 
theoretical deductions of Tait lead to the conclusion that a substance 
below its critical point ought to have two different equations of the van 
der Waals type, one referring to the liquid and the other to the gaseous 
phase. One important fact was soon elicited — namely, that the law of 
correspondence demanded only that the equation should contain not more 
than three constants for each body. The simplest extension is that made 
by Reinganum, in which he increased the pressure for a given mean 
kinetic energy of the particles inversely in the ratio of the diminution of 
free volume, due to the molecules possessing linear extension. Berthelot 
has shown how a ‘ reduced ' isothermal may be got by taking two other 
prominent points as units of measurement instead of the critical co- 
ordinates. The most suggestive advance in the improvement of the 
van der Waals equation has been made by a lady, Mme. Christine 
Meyer. The idea at the base of this new development may be under- 
stood from the following general statement : van der Waals brings 
the van der Waals surfaces for all substances into coincidence at the 
point where volume, pressure, and temperature are nothing, and then 
stretches or compresses all the surfaces pai'allel to the three axes of 
volume, pressure, and temperature, until their critical points coincide. 
But on this plan the surfaces do not quite coincide, because the points 
where the three variables are respectively nothing are not corresponding 
points. Mme. Meyer’s plan is to bring all the critical points first 
into coincidence, and then to compress or extend all the representative 
surfaces parallel to the three axes of volume, pressure, and temperature, 
until the surfaces coincide. In this way, taking twenty-nine different 
substances, she completely verifies from experiment van der Waals’ law 
of correspondence. The theory of van der Waals has been one of the 
greatest importance in directing experimental investigation, and in 
attacking the difficult problems of the liquefaction of the most permanent 
gases. One of its greatest triumphs has been the proof that the critical 
constants and the boiling-point of hydrogen tlieoretically deduced by 
Wroblewski from a study of the isothermals of the«:gas taken far above 
the temperature of liquefaction are remarkably near the experimental 
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values. We may safely infer, therefore, that if hereafter a gas be 
•discovered in small quantity even four times more volatile than liquid 
hydrogen, yet by a study of its isothermals at low temperature we shall 
succeed in finding its most important liquid constants, although the 
isolation of the real liquid may for the time be impossible. It is perhaps 
not too much to say that as a prolific source of knowledge in the depart- 
ment dealing with the continuity of state in matter, it would be necessary 
'to go back to Carnot’s cycle to find a proposition of greater importance 
than the theory of van der Waals and his development of the law of 
•corresponding states. 

It will be apparent from what has just been said that, thanks to the 
labours of Andrews, van der Waals, and others, theory had again far 
outrun experiment. We could calculate the constants and predict some 
-of the simple physical characteristics of liquid oxygen, hydrogen, or 
nitrogen with a high degree of confidence long before any one of the 
three had been obtained in the static liquid condition permitting of the 

• experimental verification of the theory. This was the more tantalising, 
because, with whatever confidence the chemist may anticipate the sub- 
^stantial corroboration of his theory, he also anticipates with almost 

• equal conviction that as he approaches more and more nearly to the 
zero of absolute temperature, he will encounter phenomena compelling 
modification, revision, and refinement of formulas which fairly covered 
the facts previously known. Just as nearly seventy years ago chemists 
were waiting for some means of getting a temperature of 100 degrees 

"below melting ice, so ten years ago they were casting about for 
the means of going 100 degrees lower still. The difficulty, it need 
. hardly be said, increases in a geometrical rather than in an arithmetical 
ratio. Its magnitude may be estimated from the fact that to produce 
liquid air in the atmosphere of an ordinary laboratory is a feat analogous 

■ to the production of liquid water starting from steam at a white heat, 
and working with all the implements and surroundings at the same high 
temperature. The problem was not so much how to produce intense 

. cold as how to save it when produced from being immediately levelled up 
by the relatively superheated surroundings. Ordinary non-conducting 
packings were inadmissible because they are both cumbrous and opaque, 
while in working near the limits of our resources it is essential that the 
product should be visible and readily handled. It was while puzzling 
■over this mechanical and manipulative difficulty in 1892 that it 
•occurred to me that the principle of an arrangement used nearly 

■ twenty years before in some calorimetric experiments, which was based 
upon the work of Dulong and Petit on radiation, might be em- 
ployed with advantage as well to protect ’ cold substances from heat as 
hot ones from rapid cooling. I therefore tried the effect of keeping 

' liquefied gases in vessels having a double wall, the annular space between 
being very highly #.exhausted. Experiments showed that liquid air 

■ evaporated at only one-fifth of the rate prevailing when it was placed in 
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a similar unexhausted vessel, owing to the convective transference of heat 
by the gas particles being enormously reduced by the high vacuum. Bur,, 
in addition, these vessels lend themselves to an arrangement by which 
radiant heat can also be cut off. It was found that when the inner walls, 
were coated with a bright deposit of silver the influx of heat was diminished 
to one-sixth the amount entering without the metallic coating. The total 
effect of the high vacuum and the silvering is to reduce the ingoing heat, 
to about 3 per cent, The efliciency of such vessels depends upon getting 
as high a vacuum as possible, and cold is one of the best means of effect- 
ing the desired exhaustion. All that is necessary is to fill completely the^ 
space that has to be exhausted with an easily condensable vapour, and then 
to freeze it out in a receptacle attached to the primary vessel that can be 
sealed off. The advantage of this method is that no air-pump is required, 
and that theoretically there is no limit to the degree of exhaustion that 
can be obtained. The action is rapid, provided liquid air is the cooling 
agent, and vapours like mercury, water, or benzol are employed. It is. 
obvious that when we have to deal with such an exceptionally volatile 
liquid as hydrogen, the vapour filling may be omitted because air itself is. 
now an easily condensable vapour. In ether words, liquid hydrogen, col- 
lected in such vessels with the annular space full of aii’, immediately 
solidifies the air and thereby surrounds itself with a high vacuum. In the- 
same way, when it shall be possible to collect a liquid boiling on the - 
absolute scale at about 5 degrees, as compared with the 20 degrees 
pf hydrogen, then you might have the annular space filled with the latter' 
gas to begin with, and yet get directly a very high vacuum, owing to the ■ 
solidification of the hydrogen. Many combinations of vacuum vessels can 
be arranged, and the lower the temperature at which we have to operate ■ 
the more useful they become. Vessels of this kind are now in general 
use, and in them liquid air has crossed the American continent. Of the 
various forms, that variety is of special importance which has a spind 
tube joining the bottom part of the walls, so that any liquid gas may be 
drawn off from the interior of such a vessel. In the working of regenera- 
tive coils such a device becomes all-important, and such special vessels • 
cannot be dispensed with for the liquefaction of hydrogen. 

In the early experiments of Pictet and Oailletet, cooling was produced 
by the sudden expansion of the highly compressed gas preferably at a low 
temperature, the former using a jet that lasted for some time, the latter 
an instantaneous adiabatic expansion in a strong glass tube. Neither 
process was practicable as a mode of producing liquid gases, but both gav(^ 
valuable indications of partial change into the liquid state by the 
production of a temporary mist. Linde, however, saw that the continuous 
use of a jet of highly compressed gas, combined with regenerative cooling, 
must lead to liquefaction on account of what is called the Kelvin- Joule 
effect ; and he succeeded in making a machine, based on this principle, 
capable of producing liquid air for industrial purposes. These experi- 
menters had proved that, owing to molecular attraction, compressed 
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..gases passing through a porous plug or small aperture were lowered in 
temperature by an amount depending on the difference of pressure 
and inversely as the square of the absolute temperature. This means 
that for a steady difference of pressure the cooling is greater the lower 
the temperature. The only gas that did not show cooling under such 
eonditions was hydrogen. Instead of being cooled it became actually 
hotter. The reason for this apparent anomaly in the Kelvin- Joule 
effect is that every gas has a thermometric point of inversion above 
which it is heated and below which it is cooled. This inversion 
point, according to van der Waals, is six and three-quarter times the 
critical point. The efficiency of the Linde process depends on working 
with highly compressed gas well below the inversion temperature, and in 
this respect this point may be said to take the place of the critical one, 
when in the ordinary way direct liquefaction is being effected by the use 
of specific liquid cooling agents. The success of both processes depends 
upon working within a certain temperature range, only the Linde method 
gives us a much wider range of temperature within which liquefaction can 
be effected. This is not the case if, instead of depending on getting cool- 
ing by the internal work done by the attraction of the gas molecules, we 
■force the compressed gas to do external work as in the well-known air 
machines of Kirk and Coleman. Both these inventors have pointed out 
that there is no limit of temperature, short of liquefaction of the gas in 
use in the circuit, that such machines are not capable of giving. While 
it is theoretically clear that such machines ought to be capable of main- 
taining the lowest temperatures, and that with the least expenditure of 
power, it is a very different matter to overcome the practical difficulties 
of working such machines under the conditions. Coleman kept a machine 
delivering air at minus 83 degrees for hours, but he did not carry 
his experiments any further. Eecently Monsieur Claude, of Paris, 
has, however, succeeded in working a machine of this type so efficien-tly 
that he has managed to produce one litre of liquid air per horse power 
expended per hour in the running of the engine. This output is twice as 
good as that given by the Linde machine, and there is no reason to doubt 
that the yield will be still further improved. It is clear, therefore, that in 
the immediate future the production of liquid air and hydrogen will be 
effected most economically by the use of machines producing cold by the 
expenditure of mechanical work. 

Liquid Hydrogen and Helium. 

To the physicist the copious production of liquid air by the methods 
described was of peculiar interest and value as affording the means of 
attacking the far more difficult problem of the liquefaction of hydrogen, 
and even as encouraging the hope that liquid hydrogen might in time be 
employed for the liquefaction of yet more volatile elements, apart from the 
importance which itg liquefaction must hold in the process of the steady 
advance towards the ^absolute zero. Hydrogen is an element of especial 
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interest, because the study of its properties and chemical relations led' 
great chemists like Faraday, Dumas, Daniell, Graham, and Andrews to* 
entertain the view that if it could ever be brought into the state of liquid 
or solid it would reveal metallic characters. Looking to the special 
chemical relations of the combined hydrogen in water, alkaline oxides, 
acids, and salts, together with the behaviour of these substances on electro- 
lysis, we are forced to conclude that hydrogen behaves as the analogue of 
a metal. After the beautiful discovery of Graham that palladium can 
absorb some hundreds of times its own '■mlume of hydrogen, and still 
retain its lustre and general metallic character, the impression that 
hydrogen was probably a member of the metallic group became very 
general. The only chemist who adopted another view was my distinguished 
predecessor, Professor Odling. In his ‘ Manual of Chemistry,’ published 
in 1861, he pointed out that hydrogen has chlorous as well as basic 
relations, and that they are as decided, important, and frequent as its 
other relations. From such considerations he arrived at the conclusion 
that hydrogen is essentially a neutral or intermediate body, and therefore 
we should not expect to find liquid or solid hydrogen possess the appear- 
ance of a metal. This extraordinary prevision, so characteristic of 
Odling, was proved to be correct some thirty-seven years after it was 
made. Another curious anticipation was made by Dumas in a letter 
addressed to Pictet, in which he says that the metal most analogous to 
hydrogen is magnesium, and that probably both elements have the same 
atomic volume, so that the density of hydrogen, for this reason, would be 
about the value elicited by subsequent experiments. Later on, in 1872, 
when Newlands began to arrange the elements in periodic groups, he 
regarded hydrogen as the lowest member of the chlorine family ; but 
Mendeleef in his later classification placed hydrogen in the group of the 
alkaline metals ; on the other hand. Dr. Johnstone Stoney classes hydrogen 
with the alkaline earth metals and magnesium. From this speculative 
divergency it is clear no definite conclusion could be reached regarding 
the physical properties of liquid or solid hydrogen, and the only way to 
arrive at the truth was to prosecute low-temperature research until 
success attended the efforts to produce its liquefaction. This result I 
definitively obtained in 1898. The case of liquid hydrogen is, in fact, an 
excellent illustration of the truth already referred to, that no theoretical 
forecast, however apparently justified by analogy, can be finally accepted 
as true until confirmed by actual experiment. Liquid hydrogen is a 
colourless transparent body of extraordinary intrinsic interest. It has a 
clearly defined surface, is easily seen, drops well, in spite of the fact that 
its surface tension is only the thirty-fifth part of that of water, or about 
one-fifth that of liquid air, and can be poured easily from vessel to vessel. 
The liquid does not conduct electricity, and, if anything, is slightly 
diamagnetic. Compared with an equal volume 4»f liquid air, it retjuires 
only one-fifth the quantity of heat for vaporisaJiion ; on the other 
hand, its specific heat is ten times that of liquid air or five"! times 
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that of water. The coefficient of expansion of the fluid is remarkable, 
being about ten times that of gas ; it is by far the lightest liquid 
known to exist, its density being only one-fourteenth that of water ; 
the lightest liquid previously known was liquid marsh gas, which is 
six times heavier. The only solid which has so small density as to 
float upon its surface is a piece of pith wood. It is by far the coldest 
liquid known. At ordinary atmospheric pressure it boils at minus 252*5 
degrees or 20*5 degrees absolute. The critical point of the liquid is 
about 29 degrees absolute, and the critical pressure not more than fifteen 
atmospheres. The vapour of the hydrogen arising from the liquid has 
nearly the density of air — that is, it is fourteen times that of the gas at 
the ordinary temperature. Reduction of the pressure by an air-pump 
brings down the temperature to minus 258 degrees, when the liquid becomes- 
a solid resembling frozen foam, and this by further exhaustion is cooled to- 
minus 260 degrees, or 13 degrees absolute, which is the lowest steady tem^ 
perature that has been reached. The solid may also be got in the form of a, 
clear transparent ice, melting at about 15 degrees absolute, under a pressure 
of 55 mm., possessing the unique density of one-eleventh that of water,. 
Such cold involves the solidification of every gaseous substance but one 
that is at present definitely known to the chemist, and so liquid hydrogen 
introduces the investigator to a world of solid bodies. The contrast? 
between this refrigerating substance and liquid air is most remarkable-. 
On the removal of the loose plug of cotton-wool used to cover the- 
mouth of the vacuum vessel in which it is stored, the action is followed 
by a miniature snowstorm of solid air, formed by the freezing of the atmo- 
sphere at the point where it comes into contact with the cold vapour rising 
from the liquid. This solid air falls into the vessel and accumulates- 
as a white snow at the bottom of the liquid hydrogen. When the- 
outside of an ordinary test-tube is cooled by immersion in the liquid,, 
it is soon observed to fill up with solid air, and if the tube be now lifted* 
out a double effect is visible, for liquid air is produced both in the inside- 
and on the outside of the tube—in the one case by the melting of the- 
solid, and in the other by condensation from the atmosphere. A tuft 
of cotton-wool soaked in the liquid and then held near the pole of a. 
strong magnet is attracted, and it might be inferred therefrom that, 
liquid hydrogen is a magnetic body. This, however, is not the case : 
the attraction is due neither to the cotton-wool nor to the hydrogen — 
which indeed evaporates almost as soon as the tuft is taken out of the 
liquid~but to the oxygen of the air, which is well known to be a magnetic- 
body, frozen in the wool by the extreme cold. 

The strong condensing powers of liquid hydrogen afford a simple- 
means of producing vacua of very high tenuity. When one end of a. 
sealed tube containing ordinary air is placed for a short time in the liquid, 
the contained air accumulates as a solid at the bottom, while the higher- 
part is almost entirely deprived of particles of gas. So perfect is the- 
vacuum thus formed, that the electric discharge can be made to pass only 
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with the greatest difficulty. Another important application of liquid air, 
liquid hydrogen, &c., is as analytic agents. Thus, if a gaseous mixture be 
cooled by means of liquid oxygen, only, those constituents will be left in 
the gaseous state which are less condensable than oxygen. Similarly, if 
this gaseous residue be in its turn cooled in liquid hydrogen a still further 
separation will be effected, everything that is less volatile than hydrogen 
being condensed to a liquid or solid. By proceeding in this fashion 
it has been found possible to isolate helium from a mixture in which 
it is present to the extent of only one part in one thousand. By 
the evaporation of solid hydrogen under the air-pump we can reach 
within 13 or 14 degrees of the zero, but there or thereabouts our 
progress is barred. This gap of 13 degrees might seem at first 
sight insignificant in comparison with the hundreds that have already 
beea conquered. But to win one degree low down the scale is quite 
a different matter from doing so at higher temperatures ; in fact, 
to annihilate these few remaining degrees would be a far greater 
achievement than any so far accomplished in low- temperature research. 
For the difficulty is twofold, having to do partly with process and partly 
with material. The application of the methods used in the liquefaction 
of gases becomes continually harder and more troublesome as the working 
temperature is reduced ; thus, to pass from liquid air to liquid hydrogen — 
,a difference of 60 degrees— is, from a thermodynamic point of view, as 
.difficult as to bridge the gap of 150 degrees that separates liquid chlorine 
and liquid air. By the use of a new liquid gas exceeding hydrogen in 
volatility to the same extent as hydrogen does nitrogen, the investigator 
^ight get to within five degrees of the zero ; but even a second hypothe- 
tical substance, again exceeding the first one in volatility to an equal 
.extent, would not suffice to bring him quite to the point of his ambition. 
That the zero will ever be reached by man is extremely improbable. A 
thermometer introduced into regions outside the uttermost confines 
.'of the earth’s atmosphere might approach the absolute zero, provided 
'that its parts were highly transparent to all kinds of radiation, other- 
wise it would be affected by the radiation of the sun, and would there- 
fore become heated. But supposing all difficulties to be overcome, 
.and the experimenter to be able to reach within a few degrees of the 
;zero, it is by no means certain that he would find the near approach 
of the death of matter sometimes pictured. Any forecast of the phe- 
nomena that would be seen must be based on the assumption that 
there is continuity between the processes studied at attainable tem- 
peratures and those which take place at still lower ones. Is such an 
assumption justified 1 It is true that many changes in the properties of 
, substances have been found to vary steadily with the degree of cold to 
which they are exposed. But it would be rash to take for granted that 
the changes which have been traced in explored»regions continue to the 
same extent and in the same direction in those whi«h are as yet unex- 
plored. Of such a breakdown low-temperature .research has already 
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yielded a direct proof at least in one case. A series of experiments with 
pure metals showed that their electrical resistance gradually decreases as 
they are cooled to lower and lower temperatures, in such ratio that it 
appeared probable that at the zero of absolute temperature they would 
have no resistance at all and would become perfect conductors of elec- 
tricity. This was the inference that seemed justifiable by observations 
taken at depths of cold which can be obtained by means of liquid air and 
less powerful refrigerants. But with the advent of the more powerful 
refrigerant liquid hydrogen it became necessary to revise that conclusion. 
A discrepancy was first observed when a platinum resistance thermometer 
was used to ascertain the temperature of that liquid boiling under atmo- 
spheric and reduced pressure. All known liquids, when forced to evaporate 
quickly by being placed in the exhausted receiver of an air-pump, undergo 
a reduction in temperature, but when hydrogen was treated in this way 
it appeared to be an exception. The resistance thermometer showed no 
such reduction as was expected, and it became a question whether it was 
the hydrogen or the thermometer that was behaving abnormally. Ulti- 
mately, by the adoption of other thermometrical appliances, the tempera- 
ture of the hydrogen was proved to be lowered by exhaustion as theory 
indicated. Hence it was the platinum thermometer which had broken 
down ; in other words, the electrical resistance of the metal employed in 
its construction was not, at temperatures about minus 250° C., decreased 
by cold in the same proportion as at temperatures about minus 200°. 
This being the case, there is no longer any reason to suppose that at the 
absolute zero platinum would become a perfect conductor of electricity ; 
and in view of the similarity between the behaviour of platinum and that 
of other pure metals in respect of temperature and conductivity, the pre- 
sumption is that the same is true of them also. At any rate, the know- 
ledge that in the case of at least one property of matter we have succeeded 
in attaining a depth of cold sufficient to bring about unexpected change 
in the law expressing the variation of that property with temperature, is 
sufficient to show the necessity for extreme caution in extending our infer- 
ences regarding the properties of matter near the zero of temperature. 
Lord Kelvin evidently anticipates the possibility of more remarkable elec- 
trical properties being met with in the metals near the zero. A theoretical 
investigation on the relation of ‘ electrions ' and atoms has led him to sug- 
gest a hypothetical metal having the following remarkable properties : below 
1 degree absolute it is a perfect insulator of electricity, at 2 degrees it shows 
noticeable conductivity, and at 6 degrees it possesses high conductivity. It 
may safely be predicted that liquid hydrogen will be the means by which 
many obscure problems of physics and chemistry will ultimately be 
solved, so that the liquefaction of the last of the old permanent gases is 
as pregnant now with future consequences of great scientific moment as 
was the liquefaction of chlorine in the early years of the last century. 

The next step to^rds the absolute zero is to find another gas more 
volatile than hydrogen, and that we possess in the gas occurring in clevite, 
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identified by Eamsay as helmm, a gas wbicb is widely distributed, like 
hydrogen, in the sun, stars, and nebulae. A specimen of this gas was 
subjected by Olszewski to liquid air temperatures, combined with com- 
pression and subsequent expansion, following the Cailletet method, and 
resulted in his being unable to discover any appearance of liquefaction, 
even in the form of mist. His experiments led him to infer that the 
boiling-point of the substance is probably below 9 degrees absolute. 
After Lord Rayleigh had found a new source of helium in the gases which 
are derived from the Bath springs, and liquid hydrogen became available 
as a cooling agent, a specimen of helium cooled in liquid hydrogen showed 
the formation of fluid, but this turned out to be owing to the presence of 
an unknown admixture of other gases. As a matter of fact, a year 
before the date of this experiment I had recorded indications of the 
presence of unknown gases in the spectrum of helium derived from this 
source. When subsequently such condensable constituents were removed, 
the purified helium showed no signs of liquefaction, even when com- 
pressed. to 80 atmospheres, while the tube containing it was sur- 
rounded with solid hydrogen. Further, on suddenly expanding, no 
instantaneous mist appeared. Thus helium was definitely proved to be a 
much more volatile substance than hydrogen in either the liquid or solid 
condition. The inference to be drawn from the adiabatic expansion 
effected under the circumstances is that helium must have touched a tempe- 
rature of from 9 to 10 degrees for a short time without showing any signs of 
liquefaction, and consequently that the critical point must be still lower. 
This would force us to anticipate that the boiling-point of the liquid will 
be about 5 degrees absolute, or liquid helium will be four times more 
volatile than liquid hydrogen, just as liquid hydrogen is four times more 
volatile than liquid air. Although the liquefaction of the gas is a pro- 
blem for the future, this does not prevent us from safely anticipating 
some of the properties of the fluid body. It would be twice as dense as 
liquid hydrogen, with a critical pressure of only 4 or 5 atmospheres. 
The liquid would possess a very feeble surface-tension, and its compressi- 
bility and expansibility would be about four times that of liquid hydrogen, 
while the heat required to vaporise the molecule would bo about one- 
fourth that of liquid hydrogen. Heating the liquid 1 degree above its 
boiling-point would raise the pressure by atmospheres, which is 
more than four times the increment for liquid hydrogen. The liquid 
would be only seventeen times denser than its vapour, whereas liquid 
hydrogen is sixty-five times denser than the gas it gives off. Only 
some 3 or 4 degrees would separate the critical temperature from the 
boiling-point and the melting-point, whereas in liquid hydrogen the 
separation is respectively 10 and 15 degrees. As the liquid refractivi- 
ties for oxygen, nitrogen, and hydrogen are closely proportional to the 
gaseous values, and as Lord Rayleigh has shoi^n that helium has only 
one-fourth the refractivity of hydrogen, although it is twice as dense, we 
must infer that the refractivity of liquid helium would also be about one- 
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fourth that of liquid hydrogen. Now hydrogen has the smallest refrac- 
tivity of any known liquid, and yet liquid helium will have only about 
one-fourth of this value— comparable, in fact, with liquid hydrogen just 
below its critical point. This means that the liquid will be quite excep- 
tional in its optical properties, and very difficult to see. This may be the 
explanation of why no mist has been seen on its adiabatic expansion from 
the lowest temperatures . Taking all these remarkable properties of the 
liquid into consideration, one is afraid to predict that we are at present 
able to cope with the difficulties involved in its production and collection. 
Provided the critical point is, however, not below 8 degrees absolute, 
then from the- knowledge of the conditions that are successful in pro- 
ducing a change of state in hydrogen through the use of liquid air, we 
may safely predict that helium can be liquefied by following similar 
methods. If, however, the critical point is as low as 6 degrees absolute, 
then it would be almost hopeless to anticipate success by adopting the pro- 
cess that works so well with hydrogen. The present anticipation is that 
the gas will succumb after being subjected to this process, only, instead of 
liquid air under exhaustion being used as the primary cooling agent, liquid 
hydrogen evaporating under similar circumstances must be employed. In 
this case the resulting liquid would require to be collected in a vacuum 
vessel, the outer walls of which are immersed in liquid hydrogen. The 
practical difficulties and the cost of the operation will be very great ; but 
on the other hand, the descent to a temperature within 5 degrees of the 
zero would open out new vistas of scientific inquiry, which would add 
immensely to our knowledge of the properties of matter. To command in 
our laboratories a temperature which would be equivalent to that which 
a comet might reach at an infinite distance from the sun would indeed 
be a great triumph for science. If the present Royal Institution attack 
on helium should fail, then we must ultimately succeed by adopting a 
process based on the mechanical production of cold through the perform- 
ance of external work. When a turbine can be worked by compressed 
helium, the whole of the mechanism and circuits being kept surrounded 
with liquid hydrogen, then we need hardly doubt that the liquefaction 
will be effected. In all probability gases other than helium will be dis- 
covered of greater volatility than hydrogen. It was at the British Asso- 
ciation Meeting in 1896 that I made the first suggestion of the probable 
existence of an unknown element which would be found to fill up the gap 
between argon and helium, and this anticipation was soon taken up by others 
and ultimately confirmed. Later, in the Bakerian Lecture for 1901, 1 was 
led to infer that another member of the helium group might exist having 
the atomic weight about 2, and this would give us a gas still more volatile, 
with which the absolute zero might be still more nearly approached. It 
is to be hoped that some such element or elements may yet be isolated 
and identified as coronium or nebulium. If amongst the unknown gases 
possessing a very low^ritical point some have a high critical pressure, 
instead of a low one, which ordinary experience would lead us to antici- 
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pate, then such difficultly liquefiable gases would produce fluids having 
different physical properties from any of those with which we are 
acquainted. Again, gases may exist having smaller atomic weights and 
densities than hydrogen, yet all such gases must, according to our present . 
views of the gaseous state, be capable of liquefaction before the zero of 
temperature is reached. The chemists of the future will find ample scope 
for investigation within the apparently limited range of temperature 
which separates solid hydrogen from the zero. Indeed, great as is the 
sentimental interest attached to the liquefaction of these refractory gases, 
the importance of the achievement lies rather in the fact that it opens out 
new fields of research and enormously widens the horizon of physical 
science, enabling the natural philosopher to study the properties and 
behaviour of matter under entirely novel conditions. This department 
of inquiry is as yet only in its infancy, but speedy and extensive develop- 
ments may be looked for, since within recent years several special cryo- 
genic laboratories have been established for the prosecution of such 
researches, and a liquid-air plant is becoming a common adjunct to the 
equipment of the ordinary laboratory. 

The Upper Air and Auroras. 

The present liquid ocean, neglecting everything for the moment but 
the watei', was at a previous period of the earth’s history part of the 
atmosphere, and its condensation has been brought about by the gradual 
cooling of the earth’s surface. This resulting ocean is subjected to the 
pressure of the remaining uncondensed gases, and as these are slightly 
soluble they dissolve to some extent in the fluid. The gases in solution 
can be taken out by distillation or by exhausting the water, and if we 
compare their volume with the volume of the water as steam, we should 
find about 1 volume of air in 60,000 volumes of steam. This would 
then be about the rough proportion of the relatively permanent gas to 
condensable gas which existed in the case of the vaporised ocean. Now let 
us assume the surface of the earth gradually cooled to some 200 degrees 
below the freezing-point ; then, after all the present ocean was frozen, 
and the climate became three times more intense than any arctic 
frost, a new ocean of liquid air would appear, covering the entire surface 
of the frozen globe about thirty-five feet deep. We may now apply 
the same reasoning to the liquid air ocean that we formerly did to the 
water one, and this would lead us to anticipate that it might contain in 
solution some gases that may be far less condensable than the chief 
constituents of the fluid. In order to separate them we must imitate 
the method of taking the gases out of water. Assume a sample of 
liquid air cooled to the low temperature that can be reached by its own 
evaporation, connected by a pipe to a condenser ^oled in liquid hydrogen ; 
then any volatile gases present in solution will Jiistil over with the 
first portions of the air, and can be pumped being uncondensable 
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at the temperature of the condenser. In this way, a gas mixture, con- 
taining, of the known gases, free hydrogen, helium, and neon, has been 
separated from liquid air. It is interesting to note in passing that the 
relative volatilities of water and oxygen are in the same ratio as those of 
liquid air and hydrogen, so that the analogy between the ocean of water 
and that of liquid air has another suggestive parallel. The total uncon- 
densable gas separated in this way amounts to about one fifty -thousandth 
of the volume of the air, which is about the same proportion as the air 
dissolved in water. That free hydrogen exists in air in small amount 
is conclusively proved, but the actual proportion found by the process is 
very much smaller than Gautier has estimated by the combustion 
method. The recent experiments of Lord Eayleigh show that Gautier, 
who estimated the hydrogen present as one five-thousandth, has in some 
way produced more hydrogen than he can manage to extract from pure 
air by a repetition of the same process. The spectroscopic examination 
of these gases throws new light upon the question of the aurora and the 
nature of the upper air. On passing electric discharges through the 
tubes containing the most volatile of the atmospheric gases, they glow 
with a bright orange light, which is especially marked at the negative 
pole. The spectroscope shows that this light consists, in the visible part 
of the spectrum, chiefly of a succession of strong rays in the red, orange, 
and yellow, attributed to hydrogen, helium, and neon. Besides these, 
a vast number of rays, generally less brilliant, are distributed through 
the whole length of the visible spectrum. The greater part of these 
rays are of, as yet, unknown origin. The violet and ultra-violet part of 
the spectrum rivals in strength that of the red and yellow rays. As 
these gases probably include some of the gases that pervade inter- 
planetary space, search was made for the prominent nebular, coronal, and 
auroral lines. No definite lines agreeing with the nebular spectrum could 
be found, but many lines occurred closely coincident with the coronal 
and auroral spectrum. But before discussing the spectroscopic problem 
it will be necessary to consider the nature and condition of the upper 
air. 

According to the old law of Dalton, supported by the modern dynamical 
theory of gases, each constituent of the atmosphere while acted upon by 
the force of gravity forms a separate atmosphere, completely independent, 
except as to temperature, of the others, and the relations between the 
common temperature and the pressure and altitude for each specific 
atmosphere can be definitely expressed. If we assume the altitude and 
temperature known, then the pressure can be ascertained for the same 
height in the case of each of the gaseous constituents, and in this way 
the percentage composition of the atmosphere at that place may be 
deduced. Suppose we start with a surface atmosphere having the com- 
position of our air, only containing two ten-thousandths of hydrogen, then 
at thirty-seven miles, Jif a sample could be procured for analysis, we 
believe that it would be found to contain 12 per cent, of hydrogen and 
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only 10 per cent, of oxygen. The carbonic acid practically disappears’ ; 
and by the time -we reach forty-seven miles, where the temperature is 
minus 132 degrees, assuming a gradient of 3 -2 degrees per mile, the 
nitrogen and oxygen have so thinned out that the only constituent of 
the upper air which is left is hydrogen. If the gradient of temperature 
were doubled, the elimination of the nitrogen and oxygen would take 
place by the time thirty-seven miles was reached, with a temperature of 
minus 220 degrees. The permanence of the composition of the air at the 
highest altitudes, as deduced from the basis of the dynamical theory of 
gases, has been discussed by Stoney, Bryan, and others. It would appear- 
that there is a consensus of opinion that the rate at which gases like- 
hydrogen and helium could escape from the earth’s atmosphere would be- 
excessively slow. Considering that to compensate any such loss the same- 
gases are being supplied by actions taking place in the crust of the earthy 
we may safely regard them as necessarily permanent constituents of the- 
upper air. The temperature at the elevations we have been discussing 
would not be sufficient to cause any liquefaction of the nitrogen and oxy- 
gen, the pressure being so low. If we assume the mean temperature as. 
about the boiling-point of oxygen at atmospheric pressure, then a con- 
siderable amount of the carbonic acid must solidify as a mist, if the air 
from a lower level he cooled to this temperature ; and the same result, 
might take place with other gases of relatively small volatility which occur 
in air. This would explain the clouds that have been seen at an elevation 
of fifty miles, without assuming the possibility of water vapour being 
carried up so high. The temperature of the upper air must be above that 
on the vapour pressure curve corresponding to the barometric pressure at 
the locality, otherwise liquid condensation must take place. In other 
words, the temperature must be above the dew-point of air at that place. 
At higher elevations, on any reasonable assumption of temperature distri- 
bution, we inevitably reach a 'temperature where the air would condense, 
just as Fourier and Poisson supposed it would, unless the temperature is 
arrested in some way from approaching the zero. Both ultra-violet, 
absorption and the prevalence of electric storms may have sometiiing to 
do with the maintenance of a higher mean temperature. The whole mass 
of the air above forty miles is not more than one seven-hundredth part of 
the total mass of the atmosphere, so that any rain or snow of liquid or 
solid air, if it did occur, would necessarily be of a very tenuous descrip- 
tion. In any case, the dense gases tend to accumulate in the lower strata, 
and the lighter ones to predominate at the higher altitudes, always a.s- 
suming that a steady state of equilibrium has been reached. It must be 
observed, however, that a sample of air taken at an elevation of nine miles . 
has shown no difference in composition from that at the ground, whereas, 
according to our hypothesis, the oxygen ought to have i)een diminished 
to 17 per cent., and the carbonic acid shouW also have become much 
less. This can only he explained by assuming^ that a large inter- 
mixture of different layers of the atmosphere is still taking place at this . 
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elevation. This is confirmed by a study of the motions of clouds about 
six miles high, which reveals an average velocity of the air currents of 
some seventy miles an hour ; such violent winds must be the means of 
causing the intermingling of different atmospheric strata. Some clouds, 
however, during hot and thundery weather, have been seen to reach an 
elevation of seventeen miles, so that we have direct proof that on occasion 
the lower layers of atmosphere are carried to a great elevation. The exist- 
ence of an atmosphere at more than a hundred miles above the surface of 
the earth is revealed to us by the appearance of meteors and fireballs, and 
when we can take photographs of the spectrum of such apparitions we 
shall learn a great deal about the composition of the upper air. In the 
meantime Pickering’s solitary spectrum of a meteor reveals an atmosphere 
of hydrogen and helium, and so far this is corroborative of the doctrine 
we have been discussing. It has long been recognised that the aurora is 
the result of electric discharges within the limits of the earth’s atmosphere, 
but it was difiicult to understand why its spectrum should be so entirely 
different from anything which could be produced artificially by electric 
discharges through rarefied air at the surface of the earth. Writing in 
1879, Band Capron, after collecting all the recorded observations, was 
able to enumerate no more than nine auroral rays, of which but one could 
with any probability be identified with rays emitted by atmospheric air 
under an electric discharge. Yogel attributed this want of agreement 
between nature and experiment, in a vague way, to difference of tempera- 
ture and pressure ; and Zollner thought the auroral spectrum to be one 
of a different order, in the sense in which the line and band spectra of 
nitrogen are said to be of different orders. Such statements were merely 
confessions of ignorance. But since that time observations of the spectra 
of auroras have been greatly multiplied, chiefly through the Swedish and 
Danish Polar Expeditions, and the length of spectrum recorded on the 
ultra-violet side has been greatly extended by the use of photography, so 
that, in a recent discussion of the results, M. Henri Stassano is able to 
enumerate upwards of one hundred auroral rays, of which the wave-length 
is more or less approximately known, some of them far in the ultra-violet. 
Of this large number of rays he is able to identify, within the probable 
limits of errors of observation, about two-thirds as rays, which Professor 
Liveing and myself have observed to be emitted by the most volatile 
gases of atmospheric' air unliquefiable at the temperature of liquid 
hydrogen. Most of the remainder he ascribes to argon, and some he 
might, with more probability, have identified with krypton or xenon rays, 
if he had been aware of the publication of wave-lengths of the spectra of 
those gases, and the identification of one of the highest rays of krypton 
with that most characteristic of auroras. The rosy tint often seen in 
auroras, particularly in the streamers, appears to be due mainly to neon, 
of which the spectrum is ipemarkably rich in red and orange rays One 
or two neon rays are ^mongst those most frequently observed, while the 
red ray of hydrogen and one red ray of krypton have been noticed only 
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once. The predominance of neon is not surprising, seeing that from its 
relatively greater proportion in air and its low density it must tend to 
concentrate at higher elevations. So large a number of probable identifi- 
cations warrants the belief that we may yet be able to reproduce in our 
laboratories the auroral spectrum in its entirety. It is true that we have 
still to account for the appearance of some, and the absence of other, rays 
of the newly discovered gases, which in the way in which we stimu- 
late them appear to be equally brilliant, and for the absence, with 
one doubtful exception, of all the rays of nitrogen. If we cannot give 
the reason of this, it is because we do not know the mechanism of lumi- 
nescence — nor even whether the particles which carry the electricity 
are themselves luminous, or whether they only produce stresses causing 
other particles which encounter them to vibrate ; yet we are certain 
that an electric discharge in a highly rarefied mixture of gases lights one 
element and not another, in a way which, to our ignorance, seems 
capricious. The Swedish North Polar Expedition concluded from a great 
number of trigonometrical measurements that the average above the 
ground of the base of the aurora was fifty kilometres (thirty-four miles) 
at Cape Thorsden, Spitsbergen ; at this height the pressure of the nitrogen 
of the atmosphere would be only about one-tenth of a millimetre, and 
Moissan and Deslandres have found that in atmospheric air at pressures 
less than one millimetre the rays of nitrogen and oxygen fade and are 
replaced by those of argon and by five new rays which Stassano 
identifies with rays of the more volatile gases measured by us. Also 
Collie and Ramsay’s observations on the distance to which electrical 
discharges of equal potential traverse different gases explosively throw 
much light on the question ; for they find that, while for helium and neon 
this distance is from 250 to 300 mm., for argon it is 45 mm., for 
hydrogen it is 39 mm., and for air and oxygen still less. This indicates 
that a good deal depends on the very constitution of the gases themselves, 
and certainly helps us to understand why neon and argon, which exist in 
the atmosphere in larger proportions than helium, krypton, or xenon, 
should make their appearance in the spectrum of auroras almost to the 
■exclusion of nitrogen and oxygen. How much depends not only on the 
constitution and it may be temperature of the gases, but also on the 
character of the electric discharge, is evident from the difference between 
the spectra at the cathode and anode in different gases, notiibly in 
nitrogen and argon, and not less remarkably in the more volatile 
compounds of the atmosphere, Paulsen thinks the auroral spectrum 
wholly due to cathodic rays. Without stopping to discuss that question, 
it is certain that changes in the character of the electric discharge 
produce definite changes in the spectra excited by them. It has long 
been known that in many spectra the rays which are inconspicuous 
with an uncondensed electric discharge becoma very pronounced wlum a 
Leyden jar is in the circuit, This used to be^ascribed to a higher 
temperature in this condensed spark, though ^measurements of that 
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temperature have not borne out the explanation. Schuster and Hem- 
salech have shown that these changes of spectra are in part due to the 
oscillatory character of the condenser discharge -which may be enhanced 
by self-induction, and the corresponding change of spectrum thereby 
made more pronounced. Lightning we should expect to resemble 
condensed discharge much more than aurora, but this is not borne out by 
the spectrum. Pickering’s recent analysis of the spectrum of a flash 
obtained by photography shows, out of nineteen lines measured by him, 
only two which can be assigned with probability to nitrogen and oxygen, 
while three hydrogen rays most likely due to water are very conspicuous, 
and eleven may be reasonably ascribed to argon, krypton, and xenon, one 
to more volatile gas of the neon class, and the brightest ray of all is but a 
very little less refrangible than the characteristic auroral ray, and coincides 
with a strong ray of calcium, but also lies between, and close to, an argon 
and a neon ray, neither of them weak rays. There may be some doubt about 
the identification of the spectral rays of auroras because of the wide limits 
of the probable errors in measuring wave-lengths so faint as most of them 
are, but there is no such doubt about the wave-lengths of the rays in solar 
protuberances measured by Deslandres and Hale. Stassano found that 
these rays, forty-four in number, lying between the Praunhofer line F 
and 3148 in the ultra-violet agree very closely with rays which Professor 
Liveing and myself measured in the spectra of the most volatile atmo- 
spheric gases. It will be remembered that one of the earliest suggestions 
as to the nature of solar prominences was that they were solar auroras. 
This supposition helped to explain the marvellous rapidity of their 
changes, and the apparent suspension of brilliant self-luminous clouds at 
enormous heights above the sun’s surface. Now the identification of the 
rays of their spectra with those of the most volatile gases, which also 
furnish many of the auroral rays, certainly supports that suggestion. A 
stronger support, however, seems to be given to it by the results obtained 
at the total eclipse of May 1901, by the American expedition to Sumatra. 
In the ‘ Astrophysical Journal’ for June last is a list of 339 lines in the 
spectrum of the corona photographed by Humphreys, during totality, 
with a very large concave grating. Of these no fewer than 209 do not 
differ from lines we have measured in the most volatile gases of the 
atmosphere, or in krypton or xenon, by more than one unit of wave- 
length on Armstrong’s scale, a quantity within the limit of probable 
error. Of the remainder, a good many agree to a like degree with argon 
lines, a very few with oxygen lines, and still fewer with nitrogen lines ; 
the characteristic green auroral ray, which is not in the range of 
Humphreys’ photographs, also agrees within a small fraction of a unit of 
wave-length with one of the rays emitted by the most volatile atmospheric 
gas. Taking into account the Fraunhofer lines H, K, and Gy usually 
ascribed to calcium, theye remain only fifty-five lines of the 339 un- 
accounted for to the degree of probability indicated. Of these consider- 
ably more than half are very weak lines which have not depicted 
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themselves on more than one of the six films exposed, and extend but a. 
very short distance into the sun’s atmosphere. There are, however, seven 
which are stronger lines, and reach to a considerable height above the 
sun’s rim, and all have depicted themselves on at least four of the six 
films. If there be no considerable error in the wave-lengths assigned (and 
such is not likely to be the case), these lines may perhaps be due to some 
volatile element which may yet be discovered in our atmosphere. How- 
ever that may be, the very great number of close coincidences between 
the auroral rays and those which are emitted under electric excitement 
by gases of our atmosphere almost constrains us to believe, what is indeed 
most probable on other grounds, that the sun’s coronal atmosphere is 
composed of the same substances as the earth’s, and that it is rendered 
luminous in the same way — namely, by electric discharges. This conclusion 
has plainly an important bearing on the explanation which should be 
given of the outburst of new stars and of the extraordinary and rapid 
changes in their spectra. Moreover, leaving on one side the question 
whether gases ever become luminous by the direct action of heat, apart 
from such transfers of energy as occur in chemical change and electric 
disturbance, it demands a revision of the theories which attribute more 
permanent differences between the spectra of different stars to differences 
of temperature, and a fuller consideration of the question whether they 
cannot with better reason be explained by differences in the electric 
conditions which prevail in the stellar atmosphere. 

If we turn to the question what is the cause of the electric discharges 
which are generally believed to occasion auroras, but of which little more 
has hitherto been known than that they are connected with sun-spots and 
solar eruptions, recent studies of electric discharges in high vacua, with 
which the names of Crookes, ilontgen, Lenard, and J. J. Thomson will 
always be associated, have opened the way for Arrhenius to suggest 
a definite and rational answer. He points out that the frequent dis- 
turbances which we know to occur in the sun must cause electric dis- 
charges in the sun’s atmosphere far exceeding any that occur in that of 
the earth. These will be attended with an ionisation of the gases, and 
the negative ions will stream away through the outer atmosphere of the 
sun into the interplanetary space, becoming, as Wilson has shown, nuclei 
of aggregation of condensable vapours and cosmic dust. The liquid and 
solid particles thus formed will be of various sizes ; the larger will 
gravitate back to the sun, while those with diameters less than one and a 
half thousandths of a millimetre, but nevertheless greater than a wave- 
length of light, will, in accordance with Clerk-Maxwell’s eleciiromagnetic 
theory, be driven away from the sun by the incidence of the solar rays 
upon them, with velocities which may become enormous, until they meet 
other celestial bodies, or increase their dimensions by picking up more 
cosmic dust or diminish them by evaporation. eThe earth will catch its 
share of such particles on the side which is turne<J^ towards the sun, and 
its upper atmosphere will thereby become negatively electrified until the 
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potential of the charge reaches such a point that a discharge occurs, which 
will be repeated as more charged particles reach the earth. This theory 
not only accounts for the auroral discharges, and the coincidence of their 
times of greatest frequency with those of the maxima of sunspots, but also 
for the minor maxima and minima. The vernal and autumnal maxima 
occur when the line through the earth and sun has its greatest inclination 
to the solar equator, so that the earth is more directly exposed to the 
region of maximum of sunspots, while the twenty-six days period corre- 
sponds closely with the period of rotation of that part of the solar 
surface where faculse are most abundant. J. J. Thomson has pointed out, 
as a consequence of the Richardson observations, that negative ions will 
be constantly streaming from the sun merely regarded as a hot body, but 
this is not inconsistent with the supposition that there will be an excess 
of this emission in eruptions, and from the regions of faculse. Arrhenius’ 
theory accounts also, in a way which seems the most satisfactory hitherto 
enunciated, for the appearances presented by comets. The solid parts 
of these objects absorb the sun’s rays, and as they approach the sun 
become heated on the side turned towards him until the volatile substances 
frozen in or upon them are evaporated and diffused in the gaseous state in 
surrounding space, where they get cooled to the temperature of lique- 
faction and aggregated in drops about the negative ions. The larger of 
these drops gravitate towards the sun and form clouds of the coma about 
the head, while the smaller are driven by the incidence of the sun’s light 
upon them away from the sun and form the tail. The curvature of the 
tail depends, as Bredichin has shown, on the rate at which the particles 
are driven, which in turn depends on the size and specific gravity of the 
particles, and these will vary with the density of the vapour from which 
they are formed and the frequency of the negative ions which collect 
them. In any case Arrhenius’ theory is a most suggestive one, not only 
with reference to auroras and comets, and the solar corona and chromo- 
sphere, but also as to the constitution of the photosphere itself. 

Various Low-Temperature Researches. 

We may now summarise some of the results which have already been 
attained by low-temperature studies. In the first place, the great majority 
of chemical interactions are entirely suspended, but an element of such 
exceptional powers of combination as fluorine is still active at the tempe- 
rature of liquid air. Whether solid fluorine and liquid hydrogen would 
interact no one can at present say. Bodies naturally become denser, but 
even a highly expansive substance like ice does not appear to reach the 
density of water at the lowest temperature. This is confirmatory of the 
view that the particles of matter under such conditions are not packed in 
the closest possible way. The force of cohesion is greatly increased at 
low temperatures, as is shown by the additional stress required to rupture 
metallic wires. Thi^fact is of interest in connection with two conflicting 
theories of matter. Lord Kelvin’s view is that the forces that hold 
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together the particles of bodies may be accounted for without assuming 
any other agency than gravitation or any other law than the Newtonian. 
An opposite view is that the phenomena of the aggregation of molecules 
depend upon the molecular vibration as a physical cause. Hence, at the 
zero of absolute temperature, this vibrating energy being in complete 
abeyance, the phenomena of cohesion should cease to exist, and matter 
generally be reduced to an incoherent heap of cosmic dust. This second 
view receives no support from experiment. 

The photographic action of light is diminished at the temperature of 
liquid air to about 20 per cent, of its ordinary eflSciency, and at the still 
lower temperature of liquid hydrogen only about 10 per cent, of the 
original sensitivity remains. At the temperature of liquid air or liquid 
hydrogen a large range of organic bodies and many inorganic ones acquire 
under exposure to violet light the property of phosphorescence. Such 
bodies glow faintly so long as they are kept cold, but become exceedingly 
brilliant during the period when the temperature is rising. Even solid 
air is a phosphorescent body. All the alkaline earth sulphides which 
phosphoresce brilliantly at the ordinary temperature lose this property 
when cooled, to be revived on heating ; but such bodies in the first 
instance may be stimulated through the absorption of light at the lowest 
temperatures. Badio-active bodies, on the other hand, like radium, which 
are naturally self-luminous, maintain this luminosity unimpaired at the 
very lowest temperatures, and are still capable of inducing phospho- 
rescence in bodies like the platino-cyanides. Some crystals become for a 
time self-luminous when cooled in liquid air or hydrogen, owing to the 
induced electric stimulation causing discharges between the crystal mole- 
cules. This phenomenon is very pronounced with nitrate of uranium and 
some platino-cyanidee. 

In conjunction with Professor Fleming a long series of experiments 
was made on the electric and magnetic properties of bodies at low tempera- 
tures. The subjects that have been under investigation may be classi- 
fied as follows : The Thermo-Electric Powers of Pure Metals ; The 
Magnetic Properties of Iron and Steel ; Dielectric Constants ; The 
Magnetic and Electric Constants of Liquid Oxygen ; Magnetic Sus- 
ceptibility. 

The investigations have shown that electric conductivity in pure 
metals varies almost inversely as the absolute temperature down to minm 
200 degrees, but that this law is greatly affected by the presence of the 
most minute amount of impurity. Hence the results amount to a proof 
that electric resistance in pure metals is closely dependent upon the mole- 
cular or atomic motion which gives rise to temperature, and that the 
process by which the energy constituting what is called an electric current 
is dissipated essentially depends upon non-homogeneity of structure and 
upon the absolute temperature of the material. It might be inferred that 
at the zero of absolute temperature resistance wou^l vanish altogether, 
and all pure metals become perfect conductors of electricity. This con- 
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elusion, however, has been rendered very doubtful by subsequent obser- 
vations made at still lower temperatures, which appear to point to an 
ultimate finite resistance. Thus the temperature at which copper was 
assumed to have no resistance was minus 223 degrees, but that metal has 
been cooled to 7rdnus 253 degrees without getting rid of all resistance. 
The reduction in resistance of some of the metals at the boiling-point of 
hydrogen is very remarkable. Thus copper has only 1 per cent., gold and 
platinum 3 per cent., and silver 4 per cent, of the resistance they possessed 
at zero C., but iron still retains 12 per cent, of its initial resistance. 
In the case of alloys and impure metals, cold brings about a much smaller 
decrease in resistivity, and in the case of carbon and insulators like gutta- 
percha, glass, ebonite, &c., their resistivity steadily increases. The enor- 
mous increase in resistance of bismuth when transversely magnetised and 
cooled was also discovered in the course of these experiments. The study 
of dielectric constants at low temperatures has resulted in the discovery 
of some interesting facts. A fundamental deduction from Maxwell’s 
theory is that the square of the refractive index of a body should be the 
same number as its dielectric constant. So far, however, from this being 
the case generally, the exceptions are far more numerous than the coinci- 
dences. It has been shown in the case of many substances, such as ice 
and glass, that an increase in the frequency of the alternating electro- 
motive force results in a reduction of the dielectric constant to a value 
more consistent with Maxwell’s law. By experiments upon many 
substances it is shown that even a moderate increase of frequency brings 
the large dielectric constant to values quite near to that required by 
Maxwell’s law. It was thus shown that low temperature has the same 
effect as high frequency in annulling the abnormal dielectric values. 
The exact measurement of the dielectric constant of liquid oxygen as 
well as its magnetic permeability, combined with the optical determina- 
tion of the refractive index, showed that liquid oxygen strictly obeys 
Maxwell’s electro-optic law even at very low electric frequencies. In 
magnetic work the result of greatest value is the proof that magnetic 
susceptibility varies inversely as the absolute temperature. This shows 
that the magnetisation of paramagnetic bodies is an affair of orientation 
of molecules, and it suggests that at the absolute zero all the feebly para- 
magnetic bodies will be strongly magnetic. The diamagnetism of bismuth 
was found to be increased at low temperatures. The magnetic moment 
of a steel magnet is temporarily increased by cooling in liquid air, but the 
increase seems to have reached a limit, because on further cooling to the 
temperature of liquid hydrogen hardly any further change was observed. 
The study of the thermo-electric relations of the metals at low tempera- 
tures resulted in a great extension of the well-known Tait Thermo-Electric 
Diagram. Tait found that the thermo-electric power of the metals could 
be expressed by a linear futiction of the absolute temperature, but at the 
extreme range of teij^erature now under consideration this law was 
found not to hold genei;ally ; and further, it appeared that many abrupt 



46 


KEPOET — 1902. 


electric changes take place, which originate probably from specific mole- 
cular changes occurring in the metal. The thermo-electric neutral points 
of certain metals, such as lead and gold, which are located about or 
below the boiling-point of hydrogen, have been found to be a convenient 
means of defining specific temperatures in this exceptional part of the 
scale. 

The effect of cold upon the life of living organisms is a matter of great 
intrinsic interest, as well as of wide theoretical importance. Experiment 
indicates that moderately high temperatures are much more fatal, at least 
to the lower forms of life, than are exceedingly low ones. Professor 
McKendrick fro 2 e for an hour at a temperature of 182® C. samples 
of meat, milk, &c., in sealed tubes , when these were opened after 
being kept at blood heat for a few days, their contents were found to be 
quite putrid. More recently some more elaborate tests were carried out 
at the Jenner Institute of Preventive Medicine on a series of typical 
bacteria. These were exposed to the temperature of liquid air for twenty 
hours, but their vitality was not affected, their functional activities re- 
mained unimpaired, and the cultures which they yielded were normal in 
every respect. The same result was obtained when liquid hydrogen was 
substituted for air. A similar persistence of life in seeds has been demon- 
strated even at the lowest temperatures ; they were frozen for over a 
hundred hours in liquid air, at the instance of Messrs. Brown and Escombe, 
with no other result than to affect their protoplasm with a certain inert- 
ness, from which it recovered with warmth. Subsequently commercial 
samples of barley, pea, vegetable-marrow, and mustard seeds were literally 
steeped for six hours in liquid hydrogen at the Eoyal Institution, yet 
when they were sown by Sir W. T. Thiselton Dyer at Kew in the ordinary 
way, the proportion in which germination occurred was no less than in 
the other batches of the same seeds which had suffered no abnormal treat- 
ment. Bacteria are minute vegetable cells, the standard of measurement 
for which is the ‘mikron.’ Yet it has been found possible to completely 
triturate these microscopic cells, when the operation is carried out at the 
temperature of liquid air, the cells then being frozen into hard break- 
able masses. The typhoid organism has been treated in this way, and 
the cell plasma obtained for the purpose of studying its toxic and immu- 
nising properties. It would hardly have been anticipated that liquid air 
should find such immediate application in biological research. A research 
by Professor Macfadyen, just concluded, has shown that many varieties of 
micro-organisms can be exposed to the temperature of liquid air for a 
period of six months without any appreciable loss of vitality, although at 
such a temperature the ordinary chemical processes of the cell must cease. 
At such a temperature the cells cannot be said to be either alive or dead, 
in the ordinary acceptation of these words. It is a new and hitherto un- 
obtained condition of living matter—a third’ State. A final instance of 
the application of the above methods may be given. Certain species of 
bacteria during the course of their vital processes, are capable of emitting 
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light. If, however, the cells be broken up at the temperature of liquid 
air, and the crushed contents brought to the ordinary temperature, the 
luminosity function is found to have disappeared. This points to the 
luminosity not being due to the action of a ferment — a ‘ Luciferase ’ — but 
as being essentially bound up with the vital processes of the cells, and 
dependent for its production on the intact organisation of the cell. These 
attempts to study by frigorific methods the physiology of the cell have 
already yielded valuable and encouraging results, and it is to be hoped 
that this line of investigation will continue to be vigorously prosecuted at 
the Tenner Institute. 

And now, to conclude an address which must have sorely taxed your 
patience, I may remind you that I commenced by referring to the plaint 
of Elizabethan science, that cold was not a natural available product. In 
the course of a long struggle with nature, man, by the application of 
intelligent and steady industry, has acquired a control over this agency 
which enables him to produce it at will, and with almost any degree of 
intensity, short of a limit defined by the very nature of things. But the 
success in working what appears, at first sight, to be a quarry of research 
that would soon suffer exhaustion, has only brought him to the threshold 
of new labyrinths, the entanglements of which frustrate, with a seemingly 
invulnerable complexity, the hopes of further progress. In a legitimate 
sense all genuine scientific workers feel that they are ‘ the inheritors of 
unfulfiBed renown.’ The battlefields of science are the centres of a per- 
petual warfare, in which there is no hope of final victory, although partial 
conquest is ever triumphantly encouraging the continuance of the dis- 
ciplined and strenuous attack on the seemingly impregnable fortress of 
Nature. To serve in the scientific army, to have shown some initiative, 
and to be rewarded by the consciousness that in the eyes of his comrades 
he bears the accredited accolade of successful endeavour, is enough to 
satisfy the legitimate ambition of every earnest student of Nature. The 
real warranty that the march of progress in the future will be as glorious 
s,s in the past lies in the perpetual reinforcement of the scientific ranks by 
recruits animated by such a spirit, and proud to obtain such a reward. 
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In opening our proceedings to-day allow me at the outset to express my deep 
sense of the honour the Association has conferred upon me in ashing me to preside 
over this Section. 

My predecessors in this Chair have usually given you a survey of some depart- 
ment of Mathematics or Physics, tracing what had been already accomplished in 
that department and indicating the nature of the problems which still awaited 
solution. 

May I crave your indulgence if I deviate from this course and, following the 
suggestion of some of ray friends, take the opportunity of the Association meeting 
on Irish soil to give you a alight historical sketch of our Irish School of Mathe- 
matics and Physics ? 

In attempting such a review, for the sake of brevity as well as for other 
reasons, I shall confine it to the work of those who are no longer with us, and I 
would not carry it further back than the beginning of last century. This seems a 
natural starting point, as there was at that time a very marked revival of the study 
of science in the University of Dublin, a revival largely due to the influence of 
Provost Bartholomew Lloyd. 

Lloyd won his Fellowship in Trinity College a few years before the century 
opened, and subsequently filled in succession the Chairs of Mathematics and 
Natural Philosophy. In both departments he imported a radical change into the 
methods of teaching. By his treatises on Analytical Geometry and on Slechanical 
Philosophy he introduced the study of what was then called the French Mathe- 
matics, in other words the more advanced Analytic Methods, which were in use 
on the Continent. In 1831 he was appointed Provost of the College, and his 
tenure of the office, though brief, was signalised by many important improve- 
ments and new developments effected in tbe University teaching. 

Dr. Bartholomew Lloyd was President of one of the earliest Meetings of this 
Association, that held in Dublin in 1836. 

His son, Dr. Humphrey Lloyd, had a course which was a singularly close 
parallel to his father’s. 

He won his Fellowship in 1824, and succeeded his father in the Chair of Natural 
Philosophy. He also was afterwards appointed Provost, and he too presided over 
another Dublin Meeting of this Association, that held in 1857. He also, in this 
again following in his father’s «teps, wrote important works on different branches of 
Physics; ‘Light and Vision,’ a systematic treatise on plane as distinct from 
physical optics, ‘ Lectur^ on the Wave Theory of Light,’ and lastly a treatise on 
‘ Magnetism,’ 
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It is, perhaps, in connection with this latter suhiect that his most important 
work was done. He made in association with Sabine an elaborate series of 
observations on terrestial magnetism in twenty-four stations in various parts of 
Ireland, and when subsequently, at the instance of your Association and of the 
Royal Society, the Government established magnetic observatories in different 
parts of the world, it was Lloyd who was entrusted with the task of drawing up 
the manual of instructions for the observers and of receiving their reports. 

In the interval between the two Lloyds another name claims attention. 
Dr. Romney Robinson occupied during an exceptionally long life a much honoured 
and influential position amongst men of science. It was in this city he received 
his early education, for when young Robinson was only nine years of age his 
father had occasion to move to Belfast, and he placed his son under Dr. Bruce, a 
well-known schoolmaster of those days. Robinson was afterwards sent to Trinity 
College, and after a distinguished course was elected to a Fellowship in 1814. 
For some years he lectured in college as Deputy Professor of Natural Philosophy. 
He relinquished his Fellowship on obtaining a College living, and a few years later 
was appointed Astronomer in charge of the Armagh Observatory. The results of 
his observations were considered so valuable as to be used by the German astronomer 
Argelander in determining the proper motions of stars. The range, however, of 
his published papers was by no means confined to Astronomy, but extended to the 
most varied subjects, Heat, Electricity, Magnetism, Turbines, Air-pumps, Fog- 
signals, and others. He is best known to the general public as the inventor of the 
Cup Anemometer. He was chosen to preside over the Birmingham Meeting of 
this Association in 1849. 

Robinson was intimately associated with Lord Rosse and keenly interested in 
the experiments which culminated in the construction of the great reflector in 
Parsonstown. This naturally leads us to speak of Lord Rosse himself. Few 
scientific achievements took a greater hold upon the public mind than the suc- 
cessful completion of his great telescope. Only those who have read in Lord 
Rosse’s own papers the description of the many difficulties he had to contend with 
in forging and polishing that wonderful speculum, harder than steel yet more 
brittle than glass, can adequately appreciate the patience and resource with which 
those difficulties were successively overcome. 

Of the results obtained with this instrument the most notable were in the 
observation of the Nebulae, a department where its unsurpassed power of ligbt-con- 
centration came fully into play. No doubt at the time public attention was most 
excited by tbe resolution of a number of hitherto supposed nebulm into star 
clusters, leading to the premature conclusion in the miuds of those less instructed 
that all the nebulae might ultimately be so resolved. To us, however, a far 
greater interest attaches to the observation of the structure of what we now know 
to be genuine nebulae, especially the great discovery that these had in many ceases 
a peculiar spiral form. All previous telescopes had failed to detect this spiral 
character; but the drawings taken by Lord Rosse and his assistants put this 
feature beyond question, and these have been fully confirmed in recent years, when 
more accurate delineations were obtained by photography. I need not dwell upon 
the significance of this form, indicating, as it does, a rotatory movement in these 
mighty masses and fitting iu with, if not actually confirming, Laplace’s Nebular 
Hypothesis. 

Sir William Rowan Hamilton was undoubtedly the most striking figure in 
the annals of the Dublin School of Mathematics. In limine we must make good 
our right to call him an Irishman, for his greatest admirer and disciple, Pro- 
fessor Tait, has claimed him for a countryman of liis own, asserting that 
Hamilton’s grandfather was a Scotchman who migrated to Dublin with ms two 
young sons. That this was a complete misconception has been abundantly proved 
by the careful investigations of his friend and biographer, Dr. R. P. Graves, who 
snows conclusively that the only known strain of iSqotch blood in Hamilton came 
through his grandmother, who was the daughter of a minister of the Scottish 
Kirk. 

It is interesting to find how early Hamilton’s remarjjable mental powers began 
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to show themselves. Dr. Graves has given ns a letter from his mother in which 
she writes to her sister of the marvellous precocity of her little four-year-old hoy, 
telling how ' he reads Latin, Greek, and Hebrew.’ 

His mental development did not belie these early indications, for at the age of 
thirteen, thanks to the teachmg and care of his uncle, who was a most extra- 
ordinary linguist, he had not only acquired a considerable knowledge of the classics 
and the modern European languages, but also attained some proficiency in Arabic, 
Sanscrit, and Persian, His mathematical studies, on the other hand, appear to 
have been carried on without help from anyone, and it is noteworthy that he does 
not seem to have used common text-books, but to have gone direct to the great 
original authors ; he read his algebra in NTewton’s ‘ Arithmetica Universalis’ ; 
while at the age of fifteen he set himself to read the ‘ Principia,’ and two years 
later began a systematic study of Laplace’s ^ M^canique Cdleste.’ His own esti 
mate of his powers may be gathered from a characteristic letter to his sister 
written just after he had entered Trinity College :~ 

‘ One thing only have 1 to regret in the direction of my studies, that they 
should be diverted — or rather rudely forced — by the College course from their 
natural bent and favourite channel. That bent, you Imow, is science — science in 
its most exalted heights, in its most secret recesses. It has so captivated me, 
so seized on, I may say, my affections that my attention to classical studies is an 
effort and an irksome one ; and I own that, before I entered College, I did not 
hope that in them I would rise above mediocrity. My success surprised me, but 
it has also given me a spur by holding out a prospect that even in the less agreeable 
part of my business I may hope still to succeed.’ 

This letter is interesting as indicating on Hamilton’s part a consciousness 
wherein lay his real strength and vocation. Not that his interest in litera- 
ture ever abated. To the last he loved to try his hand at poetical composition, 
frequently inserting in his letters to his friends sonnets of his own. 

He knew Wordsworth intimately, and the poet to whom he sent some of his 
productions gives him the following candid advice : — 

‘ It would be insincere not to say that something of a style more terse and 
a harmony more accurately balanced must be acquired before the bodily form ot 
your verses will be quite worthy of their living souls. You are perfectly aware 
of this, though perhaps not in an equal degree with myself ; nor is it desirable you 
should be, for it might tempt you to labour which would divert you from subjects 
of infinitely greater importance.’ 

Hamilton was first in his College classes in every subject and at every examina- 
tion, and it was fully expected that he would carry off both the medals in 
Mathematics and Classics at his Degree when the following circumstances 
suddenly changed all his plans. Dr. Brinkley, the Professor of Astronomy in 
the University, was appointed to a Bishopric, and Hamilton, though still an 
undergraduate, was invited to offer himself for the vacant Chair. Sir George 
Airy and more than one of the Fellows of Trinity were also candidates, but 
Hamilton was unanimously elected. 

His career as an original author dates from this time, for immediately after 
his appointment he communicated to the Royal Irish Academy the first of three 
remarkable papers on ^ Systems of Rays.’ 

Two striking features may be observed in these papers, as indeed in all his 
scientific memoirs : the generality and comprehensiveness with which he states 
his object at the outset and the confidence with which he ibllows the bold and 
original lines of treatment which he lays down for himself, and closely connected 
with this, the determination not to be baffled by any laboriousness of calculations 
which the application of his method may involve him in. In bis first paner he 
begins by examining what happens to a system of rays of light emanating from a 
point and subjected to any number of reflections at curved surfaces. He 
establishes the theore^that such a system will be cut orthogonally by a system 
of surfaces, the lengtlfof the path measured from the original source to any of 
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liiese surfaces being the same for all the rays.^ The proof he gives of this theorem 
s so simple that it now seems almost axiomatic ; but it is curious that Malus, who 
lad made the laws of Light his special study, though^ he_ suspected that the 
]heorem ought to hold, yet found himself unable to establish it. 

Hamilton, now considering the length of the path to any point as a function 
)f the coordinates of that point, and denoting this function by V, proves that V 
jatisfies a simple partial differential equation of the first order and proceeds to 
show the important part the function Y plays in the theory. 

He goes on to prove generally that if we are dealing, not with right lines, 

that is, with paths, for which as between any two points is a minimum, 

but with curved paths for which is a minimum (where is & function of 

the coordinates), and a system of such paths be drawn through a given point, 0, 
he system of surfaces V- const, will still cut all the paths at right angles. If we 
,dopt the emission theory of Light, and we take for /j, the velocity of Light, V 
lecomes'the Action,’ and the minimum property which the paths sarLsfy is the 
principle of ‘ Least Action.’ If, on the other hand, we adopt the undiilatory theory, 
and we take for g the reciprocal of the velocity, the minimum property becomes 
the principle of ‘ Least Time.’ Thus Hamilton show.s that, by altering tlu* signifi- 
cance of ft, his method applies to either theory. 

Introducing the further conception that ft depends, not only on the (‘onrdinates 
of the point, but also on the direction-angles of the ray, he is able to apply his 
reasoning to rays passing through- a crystal. He gives by his method a new and 
interesting proof of the equation of Fresnel’s wave-surface, and arrives at the 
conclusion, hitherto unnoticed by mathematicians, that this wave-.surfaco ])08.sesses 
four conical cusps and also four special tangent planes, each of which touches the 
surface, not in one point only, hut in an infinite system of points lying in a ciiade. 
The physical significance of these theorems is what is known as Cbnical llefraction. 

Having drawn this inference from his mathematical analy.sis, Hamilton wrote to 
his friend Dr. Lloyd and asked him to verify it by actual observaticm, and 
accordingly Hamilton’s paper in the ‘ Transactions ’ of the Academy is acu'ompanied 
by another from Lloyd describing the beautiful arrangements by whkdi he had 
succeeded in verifying this remarkable phenomenon in both its vaimdies. 

This striking instance of scientific prediction naturally madi» a grea.t sensation 
at the time, appealing, as it did, to a much larger public than the fi^w select 
mathematicians who were capable of mastering the elaborate treatise on 
‘ Systems of Bays.’ 

The experimental skill that was required to obtain these reault-s may be 
realised from the circumstance that as I have been told the French physicists 
found themselves unable to repeat the experiment till Lloyd himself wenti over to 
Paris with his instruments and showed them the way. 

Hamilton was so well satisfied with the success of his new method in dealing 
with the problems presented by the propaption of Light that full of enthusiasm 
he proceeded to apply a generalised form of the same method in tlie investigations 
of the motion of any material system, and a paper of his was r(iad before the 
Royal Society in 1834 with the following title : ^ On a general methocl in Dynamics 
by which the Study of the Motions of all free systems of attracting or repelling 
points is reduced to the Search and Differentiation of one Central Iltdation, or 
Characteristic Function.’ 

To show the importance attached by the most competent judges to Hamilton’s 
work in this field of Theoretical Dynamics, we cannot do better than quotis the 
words of his great German contemporary Jacobi, who afterwards himself added 
to the new theory such valuable developments. 

Jacobi writes as follows : — ' If a free system of material points is acted on by 
no other forces than such as arise from their mutual attraction or repulsion, 
the differential equations of their motion can be repfesenttjd in a simple manner 
by means of the partial differential coefficients of a single l\^K^tion of the co- 
ordinates. Lagrange, who fiirst made this important ohserntion, at the same time 
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sho’wed that this form of the differential equations possesses great importance for 
Analytical Mechanics. The marked attention, therefore, of mathematicians could 
not fail to be aroused when Herr Hamilton, Professor of Astronomy in Dublin, 
indicated in the ^^Philosophical Transactions” that in the Mechanical problem 
referred to all the integral equations of motion might be represented in just as 
simple a manner by means of the Partial Differential Coefficients of a single 
function. This is undoubtedly the most considerable extension which Analytical 
Mechanics has received since Lagrange.’ 

It will he of interest to the Section to recall the fact that Hamilton and Jacobi 
met each other for the first and I fancy the only time at a Meeting of this 
Association, held in Manchester in 1842, at which meeting Jacobi, addressing this 
Section, called Hamilton * le Lagrange de votre pays.’ 

The last third of Hamilton's life was mainly devoted to the development of his 
Quarternion Calculus. As early as 1828 his Class Fellow, J. T. Graves, who had 
been working at the theory of the use of im^inary quantities in Mathematics, 
wrote an essay on Imaginary Logarithms which he wished to get printed by the 
Koyal Society. There appears to have been some hesitation amongst the leading 
mathematicians in the Society, notably, Herschel and Peacock, about publishing 
Graves’ paper, as they felt duMous about the accuracy of his reasoning. Hamilton 
heard of this and wrote earnestly to Herschel defending his friend’s conclusions, 
and it seems as if his generous desire to help his friend first ' set his own mind 
working in this direction. 

For years his busy brain in the midst of aU his other work kept pondering over 
this question of the interpretation of the imaginary, and he has left us in his 
‘ Lectures on Quaternions ’ an elaborate account of the many systems be devised. 

It was only in 1843, fifteen years later, that he first invented the celebrated 
laws of combination of the quadrantal versors of the Quaternion Calculus. 
Aigand, Cauchy, and others had proposed for space of two dimensions the theory 
now known as that of the Complex Variable. For them + ^y meant the vector 
to the point xy, and the product of two vectors meant a new vector of the same 
form, the only law required being that i operating upon i was always equivalent 
to -1. 

Many attempts had been made to form on similar lines a Calculus which 
should apply to space of three dimensions ; but so far all such attempts had proved 
unsuccessful, the laws by which the new symbols acted upon one another leading 
to results hopelessly involved. It was here that Hamilton’s wonderful faculty of 
scientific imagination came into play. He proposed that a vector should be 
denoted by ix ^jy + liz. As in the theory of the complex variable in two dimen- 
sions the result of any number of successive operations always preserved the 
fundamental type a-vih, so it was desirable that the result of the successive 
operations of his vectors should issue in an equally simple fundamental type. This 
end he found he could attain if he discarded the commutative principle which 
hitherto had barred his own progress and that of others, yet preserving the 
distributive and associative principles, and finally one happy evening he arrived 
at the beautifully simple laws by which the symbols of this Calculus act upon 
each other ; that not only =/- = {j _ 

hi— -ik-j. 

Though it was thus — as the product, that is, of two vectors — that the Quaternion 
first presented itself to Hamilton, he of course saw that it immediately followed 
that it might be regarded as the ratio of two vectors, in other words the operation 
which turned one vector into another. In fact in the more synthetic exposition 
which is contained in ‘ The Elements ’ he makes this latter the starting definition 
of the Quaternion. 

It is noteworthy that this the more complete and systematic presentation of 
the subject by its illustrious author may be said to owe its origin to the keen 
interest my predecessor, Professor Tait, took in the new Calculus, of which, as you 
know, he ever afterwards remained the most ardent champion. This interest led 
him to seek from Dr. Andrews an introduction to Hamilton, and the encourage- 
ment came to Hamiltlin at an opportune moment, for ho wrote 
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‘ It was useful to me to have my atteutiou recalled to the whole subject of 
the Quaternions, which I - had. been almost trying to forget, partly under the 
impression that nobody cared or would soon care about them. The result seems 
likely to be that I shall go on to write some such “ Blaniial,” but necessarily a very 
short one.’ 


The ‘ Manual ’ thus foreshadowed became the voluminous treatise ‘ The 
Elements of Quaternions.’ 

Those interested in the future of Quaternions wdll have welcomed the new 
edition of this work brought out by tbe present occupant of Hamilton’s Obair, 
Professor Charles Joly, who has himself also added some remarkable developments 
to one branch of the subject, the Theory of the Linear Vector Equation. 

Hamilton’s Quaternions may he viewed in two lights, as a development of the 
logic and philosophy of symbols in tbeir relation to space of three dimensions and 
also as an instrument of research in Geometry and Physics. In the former aspect 
the Quaternions will ever remain a splendid monument of the imagination and 
genius of its inventor. In the latter point of view, that is, when we come to 
regard it as a working calculus, it would be premature as yet to fix tbe place it 
will ultimately occupy. 

A few years after Hamilton had entered upon his scientific career James 
MacCullagh won his Fellowship in Trinity College. After an interval of three 
years he was appointed Professor of Mathematics, and eight years later suc- 
ceeded Dr. Lloyd in the Chair of Natural Philosophy. It would be difficult to 
overestimate tbe stimulating effect of MacCullagh ’s lectures as Professor upon the 
Mathematical School. Many of those whose names stand out aftenvards— -such 
men as Jellett, Michael and William Roberts, Haughton, Towmsend, and our 
present honoured Provost— were MacOullagh’s pupils. To the present day the 
tradition still lingers in Trinity College of the impression MacCullagh made upon 
the minds of those with whom he came in contact. 

When, passing from his infiuence as a teacher, we come to examine his own 
original work we iind that this naturally divides itself into two departments, the, 
first embracing Geometry and that part of the field of Mathematical Physics which 
* most resembles Geometry, that in which the fundamental principles are entirely 
agreed upon ; the second his work in Physical Optics, where he has to imagine 
new principles which, mathematically developed, should correlate the empirical 
laws hitherto obtained and be capable of verification by experiment. 

Of the first class we have his studies in ‘ Surfaces of the Second Degree.’ The 
most striking result he here obtained was the discovery of the modular generation 
of the quadric, thus extending to surfaces the focus-and-directrix property of the 
conic in piano. We are also indebted to him for some very elegant theorems in 
the theory of confocal quadrics, a subject to which he devoted much attention. 
He likewise gave a course of lectures containing a masterly discussion and geo- 
metrical presentment of the motion of a rigid body round a fixed point not acted 
on by external forces. 

At the very outset of his career as an original author he seems to have been 
attracted hy the theory of Light. To understand the ardour with whicli 
MacCullagh and his contemporaries devoted their mathematical powers to Physical 
Optics, we must endeavour to recall the circumstances of the time. The celebrated 
memoirs of Fresnel had recently appeared. In these he had proved, following 
Young, that the ethereal vibrations which constitute Light must be in the plane of 
the wave-front j that a beam of polarised light was simply a system of parallffi 
waves in which these transverse vibrations were all in one direction. He had 
applied the theory of the ellipsoid to prove that there were three directions in a 
crystal in which the restitution-force coincided with the direction of the vibrations; 
that in tlie plane of every wave there are two directions along which, if a ])article 
vibrate, the component of the restitution-force resolyed iu the plane of the wave 
will be along the direction of displacement. He had also from these principle.^ 
deduced the equation of his famous wave-surface. 

How much the work of Fresnel filled the imagiuji.ticlt'a of scientific men in 
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those days may he seen from the enthusiastic language which the sober-minded 
Dr. Humphrey Lloyd allows himself to use about him in his Taluable report on 
Physical Optics, which he wrote for this Association in 1834. 

In passing I would say that the name of Fresnel reminds us of the loss 
Science, and especially this Section, has sustained since we last met in the death 
of that illustrious French physicist who devoted his life with such ardour and 
success to the same field of research — ^Alfred Oornu. Those of us who had the 
privilege of being present will recall with a sad pleasure the beautiful address he 
gave us in Cambridge on the Wave Theory of Light on the occasion of Sir 
George Stokes’ jubilee. 

Fresnel in his analysis had assumed that when the molecules of the ether are 
disturbed by the passage of a wave the force of restitution acting upon a mole- 
cule depends upon that molecule’s absolute displacement. Cauchy and Neumann 
and, in England, Green, improved on Fresnel’s reasoning, mmng this force 
depend not on the absolute but on the relative displacement 5 all these physicists, 
however, worked on the lines of endeavouring to form an explanation of the 
propagation of the waves of Light, by treating them as the waves in an elastic 
medium, akin in its properties to a solid medium in which the stresses depend 
on the deformation of the elements. 

MacOullagh agreed mth these others in making the forces of restitution depend 
on the relative displacements as expressed through a certain function "V, which 
represented the potential energy of the medium. In the further development of 
the theory he, however, diverges from them and adopts a line of his own. Struck 
by the significance of the fact, to which he seems to have been the first to direct 
attention, that the vector whose components are 

\fdv diD\ Xfdio du\ l/du^dv\ 

2 d^)^^\da' dsj’ ^ \dy dx) 

which we now, of course, know as the vector of molecular rotational displace- 
ment, was, so to speak, a physical vector, independent of the choice of our axes of 
coordinates, he was led to the idea of choosing for the form of V that of a homo- 
geneous quadric in these three components. It must be admitted that the reasoning 
by which he attempts to prove the necessity of this assumption is eminently 
unsatisfactory, and that the assumption itself lay open to an apparently fatal 
objection urged later by Stokes, that of neglecting to secure the equilibrium of 
the element of the medium quoad moments. 

Having, however, adopted this form of V, MacOullagh proceeds (making the 
assumption that while the elasticity of the medium varied the density was every- 
where the same), by processes of remarkable elegance and simplicity, to develop 
the laws of wave propagation in a crystal, thus verifying the wave-surface of 
Fresnel, while at the same time he found himself able to satisfy completely the 
requirements at the limits. He could also point to experience, e.g., the experiments 
of Brewster andSeebeck, as justifying the simple and beautiful laws which he had 
succeeded in obtaining. 

Nevertheless the force of Stokes’ objection was felt to be so strong that one 
who reviewed the subject, say thirty years ago, would have regarded MacOullagh’s 
work in Optics as presenting indeed opportunities for beautiful matliematical 
developments, but lacking sound physical basis. 

The publication, however, of the epoch-making treatise of Maxwell on 
Electricity and Magnetism entirely changed the aspect of the question, and in 
particular threw a new light on MacOullagh’s assumption. FitzGerald, in 1879, 
pointed out that the Potential Energy, which iu Maxwell’s theory was equivalent 
to the electro-static energy, really was a quadratic function of three variables, which 
answered to the components of MacCullagh’a molecular rotation, and accordingly 
led to the same difierential equations of the motion as MacOullagh had deduced. 

Subsequently Larmor, i?i his remarkable investigation of the Dynamical Theory 
of the Electric and Luminiferous Ether, deliberately reconsiders MacCullagh’s posi- 
tion, finds in fact in to equations the starting point of his own theory. He points 
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out tlie real significance of MacOullagli’s function Y ; that it corresponds to a stress- 
strain system, but one of a very novel type ; one in which the stresses depend 
entirely on the rotational displacements of the molecules, and are otherwise 
absolutely unaffected by the ordinary deformation-strains. He further shows that 
the difSculty under which MacCullagh’s theory laboured, that it did not provide 
for the rotatory equilibrium of the element, could be removed if we allowed our* 
selves to assume the existence of a hidden torque acting on each element. 

As I understand the advocates of this theory, they maintain that an important 
step has been made, even though in the present state of our knowledge we may 
not be able to account for the existence of this hidden torque. They point out, 
however, that such a torque is at least not inconceivable, whether its explanation 
be sought in concealed kinetic phenomena, as in Lord Kelvin’s material gyrostati- 
cally constituted medium, or in quasi-magnetic forces supposed to reside in the 
ethereal elements. 

Should this theory of a rotationally elastic ether obtain final acceptance, it 
will of course be a matter of congratulation to MacCullugh’s countrymen to find 
that liis labours, in this, perhaps the most important field of liis researches, have 
not been thrown away ; that they represent no mere play of elegant mathematical 
analysis, hut a real step in the progress of physical science. 

A few years after MacOullagh, two other well-known men, whose names for 
half a century were associated with the Mathematical School in Dublin, were 
elected Fellows— Andrew Searle Hart, afterwards Sir Andrew Hart, and Charles 
Graves, subsequently Bishop of Limerick. They won their Feliowvships in two 
successive years, and both lived to an advanced age. 

Hart had a great reputation as a geometer. His examination papers were 
specially noted for the number of original problems they contained. As specimens 
of his work we may instance the following. E.xtending Feuerbach’s theorem for 
the nine-point circle, Hart showed that the circles which touch three given (;ircles 
can be distributed into sets of four all touched by the same circle. He also showed 
that Poncelet's beautiful porism for coaxal circles in piano held lor tht‘ surface of an 
ellipsoid, if we replace the rectilineal polygons by geodetic polygons and the coaxal 
circles by lines of curvature. 

Graves became Professor of Mathematics on MacCullagh’s resigning the Chair in 
1843. He was largely induenced by the writings of Chasles, of whose two memoirH 
on Cones and Spherical Conics he published a translation. In this w'ere incoi'- 
porated valuable original additions of his own, amongst otlujrs the remarkable theorem 
that if two spherical ellipses are confocal the .sum of the t.angents drawn t.o the 
inner from any point of the outer exceeds the interce])ted arc between the points of 
contact by a constant length, a theorem which of course includes the corresponding 
proposition for confocals in piano. Graves was one of the first to apply the method 
of the Separation of Symbols to Ditferential Equations, and gave an elegant t'h*- 
monstration by this method of Jacobi’s celebrated test for distinguishing between 
maxima and minima in the Calculus of Variations. 

On the death of MacOullagh it was determined t,o strengthen the Natural 
Philosophy department by the establishment of a Ksecond Pr (dessorsh ip in that 
subject, and Jellett, one of the ablest of MacCullagb’s pupils, was appointetl to the 
new Chair. 

Ills first published work was his ^ Calculus of Variations,’ which at the time 
it was written constituted the only systematic English treatki on the subject. It 
is marked by that peculiar acuteness and power of fastmiing on ivssenLial point.^, 
whether for criticism or exposition, which was the author’s leading charactmistic. 
Apart from the excellent account ho gives of the rewsearches of ( Vjntinentnl mathe- 
maticiaus, I would notice especially his moat interesting chapters on the (^ondition.s 
of integrability and many valuable geometrical theorems on surfaces hence 
resulting. In discussing his more properly original work we may arrange it In 
three diyisions : Ist, his papers on Elasticity ; 2nd, that on the properties oi' 
Xnexteiisible Surfaces; 3rd, those on the application df polarised light h) the nc.w 
subject of Chemical Equilibrium. 

In taking up the problem of an elastic medium and tin? propagation of waves 
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in such medium, Jellett follows the example of MacCullaghj who had made this 
subject one of special interest to the Dublin school. In these memoirs he draws 
attention to a remarkable difference in the mode of regarding the molecular con- 
stitution of the medium, a difference corresponding to what is now known as the 
distinction between the ftari-constant and Multi-constant theories. We may, Jellett 
points out, regard the action between two molecules as only conditioned by the 
relative position of these molecules, or as dependent also on the position of the 
neighbouring molecules. The first is termed by Jellett the hypothesis of indepen- 
dent action, and this he shows to lie at the basis of Cauchy’s theory, whereas the 
theory of Green, the English elastician, e£»entially involves the second hypothesis 
which Jellett calls ‘ modified action.’ He established in the same papers^ the im- 
portant theorem that if a Work- function exists the three directions of vibration, 
corresponding to a plane-wave, are rectangular, and mce versa. 

In his memoir on Inextensible Surfaces various interesting questions are 
discussed. He proves that in the case of a synclastic surface if a closed curve 
on the surface be held fixed, the entire surface will be immovable ; that on the 
other hand on an anticlastic surface it is possible to draw a curve which may be 
held fixed without involving the immovability of the surface, the conditions being 
that the curve will be that formed by the successive elements of the inflexional 
tangents. The mathematical theory of such curves had been already studied, but 
Jellett seems to have been the first to signalise their importance in the theory of 
deformation, and, on account of the property referred to, he proposed to call them 
Curves of Flexure. It is interesting to remark that Maxwell was attracted by the 
same subject of Inextensible Surfaces, and in one of his earliest papers confirms by 
an entirely different method several of Jellett’s conclusions. 

iAt the close of Jellett’s paper a remarkable proposition is laid down, apparently 
for the first time, that a closed oval surface cannot be inextensibly deformed ; in 
other words, that if such a surface be perfectly inextensible it is also perfectly 
rigid. I think we must admit that the proof of this striking theorem offered by 
Jellett is by no means satisfactory. iSubsequent attempts by others to establish 
this proposition can hardly be said to be more successful. But the fact that it 
can be rigorously proved true for a sphere or more generally for any ellipsoid 
seems to indicate that we have here to do with a real and important theorem, but 
one which needs, as is so often the case, to have the limits of its application more 
clearly defined. 

Many experimental physicists will know Jellett best by the beautiful and 
delicate instrument he invented, ‘ The Double-plane Analyser,’ an instrument which 
he devised in order to secure the more exact determination of the rotation of the 
plane of polarisation than could be obtained by the polariscopes hitherto in use.^ 
Jellett was actuated here by the consideration that he saw in this phenomenon of 
the rotation of the plane of polarisation a means of attacking the interesting 
problem of chemical equilibrium. Chemical equilibrium be defines thus : ‘ Two 
or more substances may be said to be in chemical equilibrium, if they can be 
brought into chemical presence of each other (as in a solution) without the forma- 
tion of any new compound or change in the amount of any of the former com- 
pounds which have thus been brought together.’ In a mixed solution of sundry 
bases and acids where all the possible salts are soluble, what are the proportions in 
which the acids are distributed amongst tfie bases? Such was Jellett’s question, 
and in answering it he arrives by a remarkable train of quasi-mathematical 
reasoning at certain laws governing this distribution, and proceeds to establish the 
truth of these laws by observation with his new polariseope. 

He also discusses in the same papers two alternative theories which we can 
hold of chemical combination, the ‘ statical ’ and the ‘ dynamical,’ and shows from 
the consideration of the number of equations which subsist that the ‘ dynamical 
theory ’ is alone admissible. 

When the Association met in Belfast twenty-eight years ago Dr. Jellett 
occupied this Chair, and at tht? close of his Address, in which he took for his subject 
certain fresh applications of Mathematical Analysis to Physical Science, he touched 
upon these very researc|fes in which he was at the time engaged. 
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All old Trinity men would think this enumeration incomplete if it did not 
refer to the wonderfully active animating presence of Samuel Haughton. He also 
directed his energies in the first instance to the subject of Elasticity, on which he 
wrote several important memoirs, endeavouring to formulate a system of laws by 
which he might be able to explain the propagation of Light. But apparently 
discouraged by the extreme difficulty of the problem his versatile brain turned 
soon to quite other branches of science — to Physical Geology, then to Physiology 
and Medical Science, and in fact in his later work he passes out of the cognisance 
of Section A, 

Of the pure mathematicians trained under MacCullagh two of the most 
eminent were the twin brothers Michael and William Koberts. Strikingly 
alike in their personal appearance they were in my student days two of the best 
known figures in the Courts of Trinity. 

In his geometrical work Michael Roberts pursued the fruitful lines of research 
started by Chasles and followed up by MacCullagh in the study of quadric sur- 
faces, and it fell to his lot to discover some most remarkable theorems on the 
relations of the geodetics on the surface to the lines of curvature ; theorems in- 
deed to which the author would have been justified in applying words which Gauss 
used of a great theorem of his own : 

‘ Theoremata qu£c ni fallimur ad elegantissima referenda esse videntur.’ 

Joachimsthal bad shown that the first integral of the equation of the geodetics 
on an ellipsoid could be thrown into the well-known form PD = constant. 
Michael Roberts now showed that the geodetics, which issue in all directions 
from an umbilic, pass through the opposite umbilic where they meet again 
by paths of equal length ; that the lines of curvature considered with respect 
to two interior iimbilics possess properties closely analogous to those of 
the plane conic with respect to its foci; that if such nmbilics A and B be joined 
by geodetics to any point P on a given line of curvature they mab^ (iqual angles 
with such line, and consequently that as P moves along the line of curvature, 
either Pa + PB orPA~PB remains constant, so that if the ends of a string be 
fastened at the two umbilics and a style move over the surface of the ellipsoid, 
keeping the string stretched, the style will describe a line of curvature. Another 
remarkable analogue he proved was the following: that as in a plane cuiuc if a 
point P on the curve be joined to the foci A and B, 

tan l(PAB) tan i(PBA) = const, 
or tan -KPABj/tan ■i(PBA) ~ const. 

so precisely the same relation holds for a line of curvature on tlie quadric, re- 
placing the foci by the umbilics and the right lines by geodetics. 

Sir Andrew Hart made a valuable contribution to the subject by investigating 
the relation between the angles which an umbilicar geodetic makes with the 
principal plane when it leaves the umbilic and when it returns to it again after 
going the circuit of the surface. He proved that if w and be these angles, 

can be expressed by means of complete elliptic integrals independent 

tan ^0) 

of < 0 . This is interesting, as it shows that such a geodetic is nut a iinite closed 
curve, hut that it crosses itself over and over again at the umbilics, the successive 
values of tan -Ico forming a geometric series. 

To Michael Roberts is also due much important work in tiic department of pure 
analysis— notably, in modern Algebra his method of deriving Covariants, and the 
investigation of their relations by means of their sources, and in the theory of 
Abelian integrals his construction (following the method of Jacobi) of a Trigono- 
metry of the hyperelliptic functions. • 

His brother William Roberta is perhaps best known fin* some of tlie investi- 
gations he carried out by means of elliptic coordinates. *\ih’or example, he applied 
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them to Fresnel’s wave-surface, and showed that the two sheets of the surface can 
be expressed in the simple forma 

4- i/® = _ fp, and X® + -- e®. 

By following tho same method he succeeded also in adding an interesting new 
triple system of orthogonal surfaces to those already known. 

Eichard Townsend was another of the Fellows of Trinity of MacOullagh’s 
school. He was known to us in College in my day as the great expositor of the 
new geometry of Anharmonics and Involution. He wrote many valuable original 
papers, but it was as a lecturer he was most remarkable. I never met a teacher 
so enthusiastic nor one who seemed to enjoy teaching more thoroughly. 

He inspired his pupils with much of iiis own ardour, and it is greatly owing to 
Townsend’s influence that the old name Trinity had for the study of Geometry was 
so well kept up in his day. 

He published in the latter part of his life an extensive treatise on Modern 
Geometry, which did good service in presenting the subject in the light of an 
organised system and not as a collection of isolated problems. 

In this connection I must not omit to mention one of our most original Irish 
geometers of recent days, Dr. John Casey. Where Casey learnt his Mathematics 
is indeed a marvel. Tip to middle life he was engaged in the engrossing labour of 
a schoolmaster in Kilkenny under the National Board of Education. It was not till 
he was nearly^ forty that by the advice of Townsend, to whom he used to send up 
some of his ingenious geometrical solutions, he moved up to Dublin and^ entered 
Trinity College. Of his original papers his best known are those on Bicircular 
Quartics and Cyclides. 

In elementary Geometry we owe to him a very elegant extension of Ptolemy’s 
famous theorem that for four points, A B 0 D, on a circle AC . BD = AB . CD 
+ AD . BO. Casey shows that the same equation is true if we replace the four 
points by four circles touching a common circle and the lines joining the points by 
the common tangents to the circles. He acquired so high a repute both as a 
teacher and as a writer that he was offered and accepted the post of Professor of 
Maihematics in the Catholic University 

It is not yet two years since George FitzGerald was taken from us. The many 
loving tributes to his memory which appeared in the scientific journals after his 
death reveal to us how deep and widespread his loss was felt to be, but it is in 
Ireland this loss is most serious. As long as he lived and worked, our country 
could claim to own one of the foremost members of that select band who are 
endeavouring to wrest from Nature her inmost secrets. 

You know how sedulous an attendant he was of the Meetings of this Section, 
and Trinity College never sent you a representative of whom she had more reason 
to he proud, for he has done more than any of her sons for many years to maintain 
the reputation of her scientific school. This he has brought about, not by his 
writings only, able and original as these were, but also by the encouragement and 
stimulus he gave the younger men he gathered round him, and the self-forgetful 
readiness with which he gave all the help he could to those who in any measure 
shared his own genuine love for science. 

You will all rejoice that we are now in possession of a volume pontaining a 
complete collection of FitzGerald’s scientific papers. I am sure he himself could 
not have wished for a better chronicler of his life and labour than his intimate 
friend Dr. Larmor, more especially as Dr. Larmor’s own far-reaching speculations 
on the great mystery of the Ether qualify him in a very peculiar manner to 
appreciate the work of his fellow-physicist. The admirable analysis of that work 
in the opening pages of this volume renders any further account of it on my part 
completely unnecessary. 

A few months before FitzGerald’s death there passed away one of his most 
distinguished pupils, Thomas J^reston. Though cut off so young he had already 
done much work, and of a quality which raised high expectations of his future. 
His treatises on Light ajpfi on Heat are to be noted, not merely for the excellent 
account they give of pe ^recent additions to the subjects treated, but for the 
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thoug'httiil and philosophic spirit in which the whole is presented. It was, how- 
ever, his experimental researches which most excited attention, more particularly 
those on the action on Light of a strong electro-magnetic field and the fine ex- 
periments in which he extended heyond any observations hitherto made the 
analysis of the Zeeman effect. 

Of two others I have yet to speak, and these were emphatically representatives 
of this city and of the College in whose Halls we are meeting to-day— Thomas 
Andrews and James Thomson. It would be difficult to describe adequately all 
the phases of so manifold an activity as that of Dr. Andrews. As one long 
associated with him as a colleague I would bear testimony to one side of his lifa- 
work~the potent infiuence he exercised in this College in its earlier years as a 
skilful pilot guiding the ship till it was well out of port. His high ideal of the 
function it should discharge in the education of the country and the practical 
zeal and ability which he ever brought to hear on the administration of our 
affairs contributed in no small measure to place the College in the assured position 
it occupies to-day. 

On his great physical and chemical investigations it is happily tlie less neces- 
sary for me to touch, as they have been so fully brought before you by our Presi- 
dent in bis opening Address ; and as regards the most important of these researches, 
those on the continuity of the Liquid and Gaseous states, no one assuredly could 
have more fitly expounded them than one who has himself pressed forward with 
such splended success in the paths which Andrews opened up. 

I have always considered that Andrews, through the bug course of these later 
researches, was most fortunate in having near at hand such a friend as James 
Thomson ; not that he was a collaborator — lor Andrews did all this work unaided 
— but that Thomson gave him throughout that best of all encouragement which 
consists in enlightened appreciation of the importance of the n'sults he was 
obtaining and of their inner meaning and significance. 

Of ITiomson himself what shall I say ? Of all the scientific men I have come 
across he perhaps most fulfilled the idea of a philosopher, his ever-working bruin 
ever seeking out causes, ever pondering on the why and the wherefore of the 
unexplained. 

Guo of his earliest investigations is perhaps the best known, that in which, 
basing his reasoning on Carnot’s principle, he demonstrates tlie elicct of pressure 
in loweriDg the freezing-point of water, and in which he gave at tin* .same time a 
numerical estimate of this effect. 

This discovery was of great practical import, for, small us the efiect was, it 
enabled him to explain fully the rationale of the plasticity of ice. 

Forbes had already shown that the motion of glaciers depeiid(Hl upon a plastic 
or viscous quality iu the ice. It remained for Thoimson, by the aid of bis newly 
discovered principle, to go a step further and account for this ])lusticity. 

It is interesting to note that the questions which hnl to some of his mo^t 
valuable investigations seem to have been started by the lilial task lie took upon 
himself of re-editing his father’s educational text-books. It was, for example, the 
revision of a chapter in his father’s Geography which I. believt*, h'd liim to t*.xamine 
more thoroiiglily into Hadley’s theory of the Trade winds, and to make the following 
important addition to that theory. He showed that while in tlie tropical latitudes, 
say of our northern hemisphere, two cumuits would satisfy all the conditions, 
ie., the Trade wind blowing from N.lik to in the lower rtgions of the 
atmosphere, and the return current in the upper regions, on t.he other hand tliat 
in the temperate latitudes there must be three currents at different elevations; 
that the uppermost and the lowest of these have a movement towards the ]h> 1(‘, 
but in the middle regions of the atmosphere hetwei'ii these there must he a large 
return current from the Pole, and that the prevailing motions of all thri'e current ^ 
would be from west to east. 

Thomson was particularly successful in his ^treatment of tins and other 
questions of fluid motion. He was not familiar with the technique of the higher 
mathematics, and on this very account was not tempted,, as so many mathematical 
experts are, to assume impossible conditions in order to llring the problems within 
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reacli of tReir algebraic analysis ; but for all that his mind was eminently of a 
mathematical east. He is never vague or loose in his reasoning, and he had a 
wonderfully tenacious grasp of physical principles. The result was that he has 
succeeded in finding out the key to some of the most curious phenomena in the 
motions of fluids. 

I may give as a typical instance of his line of reasoning his beautiful explana- 
tion of the action of the water of a river flowing round a bend. He saw clearly 
that from true dynamical principles the flow of the water must be most rapid near 
the inner bank, and the question which presented itself to his mind was why then 
the inner bank was not worn away. The answer he showed to consist in the 
friction of the bed checking the velocity of the lowest stratum of the water. 
The effect of this he proves to be that an under-current is produced in this stratum 
across the bed of the river from the outer towards the inner bank, a current 
which does two things : it carries sand and detritus and deposits them on the 
inner bank ; and, since the water in this current has to rise vertically to the 
surface when it reaches this bank, it thus protects it from the scour. 

In a review of Thomson’s work we should emphasise his constant endeavour, 
whether in Mathematics or Physics, to attain clear conceptions of fundamental 
principles. This showed itself in the various innovations in nomenclature he 
introduced. Many of the new words he coined, ‘radian,’ ‘numeric,’ ‘torque,’ 

‘ interface/ ‘ clinure,’ ‘ posure,’ &c., are great helps both in thinking and teaching. 

The same determination at any cost of hard thinking to arrive at clearness in 
regard to fundamental principles is strikingly evidenced by one of bis later papers, 
that on the ‘ Law of Inertia and the Principle of Chronometry,’ which is a most 
searching discussion of the true significance of Newton’s first and second laws of 
motion. 

I must now close this review. 1 shall be glad if I have succeeded, however 
imperfectly, in giving you some impression of our Irish schools of Mathematics 
and Physics, of the workers and of the sources from which they drew their inspira- 
tion. There surely never was a time when the problems presented to the mathe- 
matician by Physical Science were more interesting ; never a time when Science 
for its onward progress stood more in need of those gifted ones who combine 
clearness of thought with imagination and hopeful courage. Let us hope that 
amongst these in this new century, others of our countrymen may be found not 
unworthy to have tlieir names inscribed in the roll which contains those of 
Hamilton and MaeOullagh, of Andrews and Thomson. 
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PRESIDENT OP THE SECTION. 

The Atomic Theory without Hypothesis, 

In opening the Chemical Section of the British Association in this city and in the 
halls of the Queen’s College my first words must be those of reyerence for the 
memory of Thomas Andrews, for so many years the Professor of Chemistry in 
this College, whose investigations into the properties of gases— above all, those 
which resulted in the recognition and determination of the critical pressure 
and temperature of carbonic anhydride — have become a part of the foundation of 
the Kinetic Theory of Gases. At the Meeting of the British Association here 
in 1852 Andrews was President of this Section, and again at the Meeting in 
Edinburgh in 1871. 

Since the Meeting last year another distinguished chemist, formerly professor 
in one of the Queen’s Colleges, Maxwell Simpson, has also passed away. He, too, 
acted as President of this Section, namely, at the Meeting in Dublin in 1878. 
The work by which Simpson’s name will ever be recalled is more especially that 
upon the synthesis of polybasic organic acids. 

One other name must not be left unmentioned in this Address : it is that of a 
long-time Fellow of the Chemical Society who has been intimately connected with 
the British Association^ — I mean that of George Grifiith, the genial and most 
efiective. Assistant General Secretary of the Association for so many years, who 
died four months ago. He had visited Belfast in the sjjring and made the pre- 
liminaiy arrangements with the Local Committee for this Meeting. He joined 
the Chemical Society in 1869— just one year before I did — and remained a Fellow 
until his death. 

It is now almost a century ago since John Dalton made known to the world 
his theory of the nature of chemical combination by the publication of a table of 
atomic weights. He had been occupying himself for some years with the study 
of the physical properties and atomic constitution of gases before he was led to 
extend the notion of the atom to chemical phenomena, and thus to form that 
conception which was to become celebrated as the atomic theory. In his labora- 
tory note-books, preserved from 1802 onwards, the publication and analysis of 
which we owe to Sir Henry Roscoe and Dr. Harden, no reference is made to the 
theory till 1803, but we may well believe with Henry that it was already in 
Dalton’s mind just a hundred years ago. But however that may have been, it seems 
fitting in a year so closely appi^achmg the centennial of its publication as the 
present that the occupier of this Chair should address his audience on a subject of 
such general interest and i/iportance as the atomic theory, if indeed there remains 
anything to be said on a s»ibje*ct which has so long and so fully engaged attention. 

B 
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I dare not assert that I have found anything actually novel to bring before you 
with regard to the atomic theory, but I may say that there has certainly long 
seemed to me to exist the need to treat it as being a true theory instead of as an 
hypothesis, and to teach it and discuss it accordingly. 

In thus setting forth what appears to me to be the proper form of the atomic 
theory, I shall have, at the rish of overtaxing your patience, to_ restate and 
examine most of the fundamental and familiar principles of our science in order 
to illustrate and justify the view I take. Not only this, but in order as directly 
and briefly as possible to meet the objection that "whatever the atomic theory 
may be it cannot be introduced to tbe student of chemical philosophy in another 
form than that now in use, I shall sometimes have to adopt, in order to show 
what can be done, a didactic method which, in most other circumstances, would 
be quite inexcusable before so distinguished an assembly. 

The atomic theory of chemistry stands unsurpassed for the way in which it 
has fulfilled the purpose of every great theory, that of giving intellectual mastery 
of the phenomena of which it treats. But in the form in which it was enun- 
ciated, and still is universally expressed and accepted, it has the defect of resting 
upon a metaphysical basis, namely, upon the ancient hypothesis that bodies are 
not continuous in texture, but consist of discrete, nJtra-minute particles whose 
properties, if known, would account for those of the bodies themselves. Hence it 
has happened that, despite the light it throws upon the relations of chemical phe- 
nomena and the simple means it affords of expressing these relations, this theory 
has always been regarded with misgiving, and failed to achieve that explicit recogni- 
tion which its abounding merit calls for. Indeed, tbe desire has been expressed to 
see the time when something on a more solid foundation shall have taken its place. 

Now, it is not my intention to discuss the merits or demerits of the atomic 
hypothesis, which can indeed no longer be treated as a merely metaphysical specu- 
lation. What I would do to-day is to impress upon you that, in spite of all that 
has been said and written about the atomic hypothesis in connection with chemistry, 
the atomic theory propounded by Dalton and adopted, implicitly at least, by all 
chemists, is not foiinded upon the metaphysical conception of material discontinuity, 
and is not explained or illuminated by it. For if that should be tbe case there 
will no longer exist any grounds for hesitation in accepting the theory quite ex- 
plicitly, and then the anomalous condition of things will be removed of a theory 
being in universal use without its truth being freely and openly admitted. For 
the sake of clearness, it is convenient to restrict the term ‘ atomic hypothesis ’ to 
the old metaphysical view of the discontinuity of matter whilst applying the term 
‘ atomic theory ’ to the current elaborated form of the Daltonian theory; this 
distinction is adhered to in the present Address. 

In the peroration to his admirable discourse upon atomic weights or masses 
delivered before tbe Chemical Society in 1892 as the Stas Memorial Lecture 
Professor Mallet, F.R.S., said : * By the chemist at his balance tbe arm of reason 
is directed into those regions of almost inconceivable minuteness, which lie as far 
beyond the reach of the most powerful microscope as that carries us beyond the 
reach of the naked eye, quite as impressively as that same arm is stretched forth 
by the astronomer at his divided circle to reach and to weigh the mighty planets 
that shine in tbe remotest regions of our solar system.’ On two occasions I have 
heard the same comparison between tbe chemist and the astronomer made by Lord 
R^elvin when he was in the company of chemists ; and undoubtedly both these high 
authorities have only then expressed the general view as to the nature of the 
domain of the chemist. Yet I venture to question whether there is anything in 
the ways and work of the chemist to support such a view and dve point to Mallet 
and Kelvin’s comparison. If, indeed, chemistry is a science which rests upon tbe 
atomic hypothesis and, therefore, would cease to exist in the form into which it 
has developed, should matter prove to be continuous and not discrete, nothing can 
be said against the view that it is a sdence of the minute. But I am sure there 
can be no one ready to maintain that, if the hypothesis of the atomic constitution 
of substances were an unfounded one, the atomic theory would have been a dis- 
covery of no great importance ; and Dalton himself .-instead of being the founder 
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of the chemistry of to-day, have been little more than the discoverer of the law of 
multiple proportions. If that cannot he maintained, what, then, becomes of this 
conception of chemistry as dealing with the minute ? So far as comparison can 
he made between the operations of the astronomer and the chemist, it is the 
former and not the latter who, as a matter of fact, deals with the almost infinitely 
minute. For if, indeed, the chemist often works upon comparatively small amounts 
of substances, and, consequently, with very sensitive balances, that is, as we all 
know, only for reasons of economy of time, materials, and apparatus ; otherwise 
he works on the largest possible scale, with the object of attaining to the highest 
degree of accuracy and perfection. The astronomer, on the other hand, has, per- 
force, to deal with the smallest visible things in nature, the nearest approach there 
is to geometrical points, those fixed points of light in the heavens which are only 
known through scientific investigation to be other than what they seem to be. It is, 
therefore, only as interpreted by the atomic hypothesis that chemistry can be said 
to deal with the minute. 

When the atomic theory is expounded in the usual way it is commonly and 
correctly stated that, on the assumption that substances consist of minute indi- 
visible particles having weights or masses bearing the ratios of the combining 
numbers assigned to them, the laws of chemical combination by weight neces- 
sarily follow, and are thereby explained. But then the converse is not true — that 
because chemical combination obeys the well-known laws, substances consist of 
discrete particles. Nor does the assumption of the truth of the atomic hypothesis 
afford any real explanation of the facts expressed by the laws of chemical combina- 
tion, or more comprehensively by the atomic theory, when that theory is given in 
non-hypothetical terms. It is just as difficult to see why the atoms should possess 
the weights on chemical grounds assigned to them, as to see why substances interact 
in the proportions that they do ; that they do do so is, in either case, an ultimate 
fact, for which no explanation has presented itself. The atomic hypothesis masks 
this ignorance and deadens inquisitiveness. Notwithstanding an this, which is 
incontrovertible, it is certainly a common opinion that in chemistry we investigate 
the minute and intimate constitution of things. 

But if, after all, chemistry does not deal with the minute, or, rather, if it has no 
concern with the magnitude of single bodies or their molecules ; if the atomic 
hypothesis is not the foundation of, or necessary to, the atomic theory, then it is 
certainly most desirable and important that the theory of chemistry, which, with 
all its modern developments, I take to be indisputably the atomic theory of Dalton, 
should he held and expounded without any reference to the physical constitution 
of matter, in so far as that remains unknown. The opinion that chemical theory 
should be developed without reference to the atomic hypothesis has indeed all 
along been held by many eminent chemists; but then the dilemma appears to 
have presented itself to them, that either the atomic hypothesis must he granted, 
or the atomic theory must he dispensed with, since it falls with the hypothesis. 
That dilemma I do not recognise, and the practice of chemists shows beyond doubt 
that it is always ignored. Investigators use the theory, whether they admit it or 
not ; teachers of the science find it indispensable to their task, however much they 
may deprecate, and rightly so, unreserved acceptance of the atomic hypothesis as true. 

Refusing to commit themselves to belief in the hypothesis, chemists have 
thought from the first to escape the adoption of the atomic theory by putting 
Dalton’s discovery into something like these words : Numbers, called proportional or 
combining numbers, can be assigned to the chemical elements — one to each — ^which 
will express all the ratios of the weights or masses in which substances interact 
and combine together. Perhaps the atomic theory is here successfully set aside 
by expressing what is an actuality as an unaccounted-for possibility. But then those 
who use any such mode of expressing the facts, without reference to the theory, 
never fail also to adopt the doctrine of equivalents, and thus, by this double act, 
implicitly give in their adhereiwe to the theory. 

Divested of all reference to the physical constitution of matter, the atomic 
theory is that the quantities of substances which interact in single chemical changes 
are equal to one another,- -as4ruly equal in one way as equal masses are in another, — 
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and, therefore, that chemical interaction is a measure of quantity of unlike sub« 
stances, distinct from and independent of dynamical or mass measurement. 

Dalton, indeed, did not express himself in any such terms, his mind being fully 
possessed with the ancient and current belief upon ^ which he framed his theory 
that substances are made up of minute, discrete particles. But it is clear enough 
that his theory was that of the existence of another order of equality between 
substances than that of weight. Up to his time, the weight or mass of every 
ultimate particle of any substance whatever appears to have been assumed to 
be the same, the atoms being alike in every way. That assumption is still made 
by many thinkers, chemists among them ; we meet it, for example, in the dilferent 
forms of the hypothesis that the elements are all, in some way, physically com- 
pounded of a universal and only true element, as in Front’s hypothesis. Dalton saw 
things differently, and recognised that, on the assumption of substances being 
constituted of particles which never subdivide, weight or mass cannot be the same 
for every such particle, except in the case of those of any one simple substance. 
Therefore, having given some numbers showing what he believed to be the respec- 
tive weights of the atoms of several simple substances, taking that of hydrogen as 
of unit-weight, he proceeded at once to invent symbols for these atoms to indicate, 
not only their distinctness in kind, but above all things their indivisibility and 
their equality, properties which the use of their atomic numbers would have 
inadvertently concealed or even apparently denied, and could never have expressed 
or connoted. 

It was only in this immediate invention and use of chemical symbols that 
Dalton’s conception found clear expression ; and again it is by the universal adop- 
tion of such symbols that chemists have shown their real acceptance of the atomic 
theory, even while displaying, not infrequently, their scepticism as to its truth. The 
replacement by Ber 2 eliu 8 of Dalton’s marked circles for atomic symbols by letters 
which should recall the names of the substances was in a way a great improve- 
ment, but it bas had the serious consequence of causing chemical symbols to be 
usually first brought under notice merely as serviceable abbreviations for the names 
of the elements, and only then described as representing their atomic quantities. 
Now, evidently, what the character used as symbol shall he is, theoretically con- 
sidered, but a petty detail ; the vital point is what the character symbolises, and that 
is the atom. It does not symbolise the name ; it only indicates that and recalls it. 
It may be said indeed to represent the atomic number, since it stands in place of it j 
but it is made to do so only in order that we may for the time forget this number 
and have in mind the integral character of the atom. It is not the 4006 parts 
of sodium hydroxide and 8097 parts of hydrobromic acid, or approximately twice 
as much of the latter as of the former ; it is not these gravimetrically expressed 
interacting quantities that we are to think of when the formulse NaOII and HBr 
are before us, as we too often strive to do ; it is not these, from a chemical point 
of view, meaningless numbers of parts, but quantities which are equal in the sense 
of chemistry, that are expressed as such by these symbolic formulce. The real 
purpose of chemical formulation is not to abbreviate or replace language, but to 
facilitate, if not ensure, abstraction from and non-contemplation of gravimetric 
numbers. 

I have just passed from atomic symbols to the formula of molecules ; but this 
was not without warrant. In the form in which I have enunciated the atomic 
theory, it relates to the chemical interaction of substances, whether compound or 
simple, and the equality of the quantities concerned is the equality of molecules, 
since these _ are the quantities of substances entering into or coming out from 
single chemical interactions. Were it not, therefore, for fear of confounding it 
with the mechanical theory of that name, the atomic theory should be called 
the molecular theory of chemistry. It might, indeed, have happened to be 
so called by its author, for Dalton has told us that he had in mind both atom 
and molecule as names for his chemically ull^mate particles, and chose the 
former because it carried with it the notion of indivisibility. He extended also, 
as we do, the use of the term ^ atom ’ to chemically coinpound substances, since 
their combining quantities are chemically' indivisible, » % 
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Next, I would point out that in the atomic theory the notions of indivisibility 
and equality are inseparably involved. The indivisibility of atom and molecule 
is not absolute or ultimate, and Dalton distinctly guarded himself against being 
understood to claim for the atom more than chemical indivisibility, and chemists 
of to-day assert no more than this. This indivisibility being conditioned by 
the equality of molecules, the importance of emphasising it rests only upon the 
danger, when it is overlooked, of losing aght also of the chemical equality 
through the gravimetric inequality receiving numerical expression, and thereby 
conveying the notion of divisibility, though only gravimetrically. The idea 
of indivisibihty in connection with the atom or molecule is intrinsically quite 
subordinate to that of equality; for equality, being unity or oneness brought 
into relation with itself, the conception of it carries with it and includes that of 
indivisibility. Any rational hypothesis as to substances consisting of ultimate 
particles will include the notion of their being indivisible particles; and the 
import of the hypothesis in chemical theory must lie, therefore, not in this 
indivisibility, but in the nature of the equality of the particles. By his atomic 
theory Dalton asserted that where the substances are different this equality is 
chemical instead of gravimetric. 

Molecules are equal in the sense that they are quantities of their substances 
which are interdependent and coordinate in any and every single chemical 
change in which they take part together. It is a form of equahty for which 
no close parallel can be found ; but as to that it should he remembered that this 
equality relates to the phenomena of the tranformations of substances into each 
other, which, though they form so large a part of the phenomena of the universe, 
are fundamentally distinct in nature from the rest of the behaviour of bodies 
throughout which the substance remains what it was. In some agreement with 
it there is that of mechanical pressures when these balance or neutralise each 
other, and therefore are opposite and mutually destructive though equal. But 
such pressures when exerted in the same direction are also equal in their effect 
on any body in their path, whereas in chemical interactions the effects of 
molecules or equal quantities of two unlike substances are only equal in the 
sense that each is that quantity which interacts with the same quantity of some 
third substance, which itself proves to be also a chemically equal quantity to 
them. Tor the products of the interaction in the one case are in part at least 
not the same as those in the other, though all prove chemically equal in further 
interactions. 

To give an example : the molecule of ammonia is equal to that of aldehyde 
in that it combines with it and with it disappears, or ceases to exist as such. 
For the same reason it is equal to the molecule of hydrocyanic acid, and molecules 
of aldehyde and hydrocyanic acid equal to each other, because they, too, combine 
and disappear as such in doing so. But the molecule of ammonia again equals 
that of aldehyde in effecting transformation of hydrocyanic acid and its own 
self into something else. And lastly, chemically equal or molecular are the 
products of these combinations; aldehyde ammonia, ammonium cyanide, and 
aldehyde-cyanhydrine, not only among themselves, hut also with the quantities of 
ammonia, aldehyde, and hydrocyanic acid from which they come and into which 
they return in other chemical changes. But with all this, quantitative equality 
in transforming power, the substances produced are unlike and, each to each, 
peculiar to one of the three acts of chemical combination; and on this account 
exception may be taken to the treatment of molecules as equal chemical quantities. 
Yet the equality of molecules here asserted is but an extension of what is meant 
by the equivalence of certain atoms and radicals, since the atom and the radical 
are, nowadays, conceptions entirely dependent upon and derived from that of the 
molecule (apart, of course, from the atomic hypothesis); and this universally 
allowed equivalence admittedly does not extend to the identity of the prod nets 
of the replacing activity of the atoms and radicals. 

Quantitative equality and equivalency, it is true, have not the same meaning, 
equivalence being used to^ denote qualified ' equality, equality in certain specified 
ways, of quantities not eqftal jn all other way's and possibly in no other. Quantities 
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of different substances cannot, strictly speaking, e^er be equal, and can only be 
styled so in the sense of being equivalent ; for were they equal in every way 
tbe substances would obviously be tbe same. But this fact, if it ever strikes one, 
is ignored by universal custom, and quantities of substances, however unlike — 
feathers, air, water, salt, and what not — are taken to be all equal, even by chemists 
as by the world at large, if only they have the same weight, notwithstanding the 
incongruities of the substances. I proceed now to show the baselessness of this 
conviction, but only to bring out more strongly the claim of chemical activity to 
equal rights with weight or mass in determining what are equal quantities of 
substances, for I am aware that here I have nothing to tell you that you do not 
already know. Weight being only the gravitational measure of mass, which 
itself is independent of it, quantities of substances are held to be equal when their 
masses are equal. Now, mass is quantity of matter. But what then is meant by 
matter ? The answer must be either that it is a general term for any and all 
substances, or else that it is the common basis of all substances, which presents 
itself in all the different forms which are known to us as such, by virtue of a 
corresponding variety in its intestinal motions. I gladly pass over the latter 
answer without discussing it, on the ground that it introduces the subject of the 
intimate constitution of substances, which it is my set purpose to keep independent 
of in this discourse. I will only say of it that it would probably be the answer of 
many physicists and chemists, and yet that it gives such a limitation to the nature 
of matter as makes the common expression ‘ constitution of matter ’ devoid of all 
meaning. That expression means, and can only mean, the constitution of sub- 
stances in common; and this brings me to the first answer, that matter is tbe term 
standing for all substances in common. Now, one thing which all substances 
possess in common is the property of resisting pressures ; pressures not only of 
moving bodies, but of the motions of the ether and electrons. Measured or 
quantified, resistance becomes mass, all that can he signified by this term being 
the quantity of the resistance or inertia a substance exhibits when tested. It is 
the measure of a property of the substance, that is all ; and there is no other way 
of quantifying a substance than through some one of its properties. No quantities 
of different substances can, as such, be commensurable throughout ; and when 
compared and measured through some common property, such as the possession of 
mass, the equivalence or pseudo-equality found by this means is not the same as 
that found when some other common property is taken as the means of nuuisure- 
ment. But experience has shown that though there are several rational and 
comprehensive ways of instituting, through some common property, comparisons 
between quantities of different substances, they all, with the exception of that of 
weighing, agree more or leas exactly in pointing to the same order of equivalence, 
that of chemical activity ; for with this are colligated those of gaseous volumit and 
the other well-known physical activities, which give nearly the same (|uantitieH as 
it gives of different substances as being molecularly equivalent. There are, 
therefore, essentially only two measures of quantitative equivalency or pseudo- 
equality between substances, the dynamical and the chemical or molecular, the 
one wholly independent of and the other wholly dependent upon the parthnilar 
nature of the substances compared. The former is the measure of dynamical 
phenomena, those of changes of bodies, due to their impacts and pressures, v’hich 
may lead to their deformation and disruption, but do not; involve transformations 
of the substances of the bodies into others ; the latter is the measure of chemical 
phenomena, those of changes of bodies induced by such of their interactions as 
do involve transformations of the substances of the interacting bodies into other 
substances. Since it is already settled for us by custom that quantities of different 
substances are to be called equal when or because they are equivalent gravimetri- 
cally, and as it is not to be supposed that we shall ever give up calling 16 kilos, 
of oxygen, of salt, of chalk, and of every other substance, however unlike, equal 
quantities of them Irom^ the gravimetric point of view, we have no choice but also 
to call molecular quantities of these substances aqual from tbe chemical point of 
— ;r Coordination in equality of nhf>rm‘0Hl with rrmvitnAfrii* 

equivalency is to he asserted and maintained. 
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The contention that chemical equality must he regarded as of as clearly defined 
a nature as gravimetric equality becomes the more weighty when it is reflected 
that our very definite views concerning gravimetric equality are due solely to the 
law of conservation of mass, the evidence for and against which, I may remind 
you, is just now to be discussed by Lord Rayleigh before the Physical Section, 
The mass of one pound of sodium remains unchanged when the metal is con- 
verted into salt, washing soda, or borax ; if this were not the case, gravimetric 
equality would be just as definite as it is now but physicists would have to argue 
for its general recognition in much the same way as I am doing now for the 
recognition of chemical equality. 

In further justification of this claim of chemical equality to coordinate 
rank with dynamical equality in the quantification of substances it may be 
well to take the fact into consideration that the determination of the former 
is independent of that of the latter. Overlooking the difficulties of the task, 
let there be at hand or always procurable unlimited numbers of parcels of 
the different substances to be experimented upon, each of which, by other 
means than weighing, such as spatial measurement, can be known to be equal 
to, or greater or less than, other parcels of the same substances. Suppose, now, 
that after many trials, one of a number of equal portions of sodium hydroxide 
has been found to be the quantity just necessary to interact with one of a number 
of portions of hydrochloric acid also equal among themselves. The products of the 
interaction will be some water and some salt. We can now have placed before us 
a parcel of sodium hydroxide equal to that previously used, another of hydrochloric 
acid also equal to that used, and the water and the salt obtained, and then have 
before us chemically equal quantities of four substances. Let now, by spatial 
measurement, a number of parcels of water be portioned out, all equal to that of 
the water obtained, and a number of parcels of salt equal to that of the salt 
obtained. By a series of trials we find a quantity of silver nitrate just sufficient 
to interact with the sodium chloride, and having, by supposition, taken this quan- 
tity of silver nitrate from a lot of other parcels equal to it, we find that one of 
these is just sufficient to interact with one of the portions of hydrochloric acid 
equal to that used in producing one of the portions of salt. Further, we find that 
the salt and the hydrochloric acid each produce a substance which is the same, 
namely, silver chloride, and in the same quantity as the other. Along with it in 
the case of the salt, is sodium nitrate, and in the case of the hydrochloric acid, 
nitric acid. We can then find that this quantity of nitric acid is just enough to 
interact with one of those of sodium hydroxide, and thereby produce quanti- 
ties of sodium nitrate and water, respectively equal to those obtained in the other 
interactions. If now we conjoin with these experiments others in which 
hydrogen, sodium, and silver are each caused to combine with chlorine, and 
others in which hydrochloric acid, silver chloride, and sodium chloride are electro- 
lysed into these elementary substances, evidence is obtained of such facts of chemi- 
cal composition and decomposition and of double decomposition (or what happens 
when compounds interact) as those upon which the science of chemistry is framed. 

In teaching chemistry the point is kept too much in the background, if not 
altogether out of sight, that the chemical equality of quantities of different sub- 
stances is independent of all other relations of equality between them, and that, 
therefore, its validity is not affected by the fact of its terms agreeing with some 
and not with other terms of equalities determined in other ways. ^ Instead of 
bringing out this point the molecule of water is given out as being, primarily and 
promineutly, that quantity which has eighteen units of mass and which measures 
two unit volumes. Both statements happen in the nature of things to be true, but 
neither of them describes the molecule. Let it be clearly understood from 
illustrative examples what is meant by ‘ chemically equal,’ and there is hardly 
more to be said as to what constitutes a molecule of water than that it is the 
quantity of it chemically equal to that of some other substance presenting itself 
for comparison. ^ Molecule a term of relation : it stands for an equal quantity, 
not for any particular quantity ; but as such it is as easy to understand and as 
indefinable as an equal yohinie or an equal weight of a substance. • 
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It is then only as colligated equalities, established by experiment, that gaseous 
volumes, osmotic pressures, and other properties of substances come into considera- 
tion, first as enforcing the truth of the conception of the indicated quantities as 
equal, and then as the means of molecular measurement without resort to 
chemical change. But of the purposes served by the colligative properties, that 
of giving molecular measurements without recourse to the evidence afibrded by 
chemical change is well known to be of the very widest application. To 
determine chemically the molecular equalities of substances, single chemical 
changes of suitable character, changes which are cases of double decomposition, 
have to be looked for ; and to know these with the desirable degree of certainty 
calls for a much larger acquaintance with the chemical behaviour of the substances 
than can usually be gained at the early stage of work when the knowledge of the 
molecule is of the utmost assistance in the further investigation of the nature of 
the substances. Consequently, it is nearly always through recourse to physical 
methods that the molecule is first ascertained, and then through the molecule the 
certainty acquired that some particular interaction is a single one, thus reversing 
the normal order of things, which undoubtedly is that the noolecuie in chemistry, 
however it may have been first determined, is recognised as such by being what 
it is in chemical change. 

I shall have been wholly misunderstood by you if you suppose that I would 
make light of the importance of the balance in chemical operations, or of the 
value of its indications in chemical investigations. Once the weights of mole- 
cular or atomic quantities have been ascertained the balance becomes the most 
accurate and generally the most easily applied instrument for appcrtioning 
substances in these quantities. Chemical interaction, to be employed in this way 
and without the aid of the balance, is practically useless, for the reason that it 
involves the destruction of the quantities it measures. Out of this deppdencc on 
the balance arises the exceeding importance of accurate tables of atomic weights, 
from which molecular weights are derived by addition ; hut the place for these 
tables is not on the walls of the lecture-theatre, but in the laboratory pocket-book 
and, perhaps, in the' balance-room. Besides the use of the balance and of atomic 
weight tables for getting and calculating out molecules of difterent substances at 
pleasure, there is the indispensable service they perform in enabling chemical 
analysis to be carried out and applied to the solution of the problems offered by 
chemical change. The primary problem of every science is to find some element 
of sameness in the diversity of its phenomena, in order that they may be com- 
pared, a problem which was solved for chemistry to a large extent by Dalton, and 
ceased to exist when the distinction had been made between molecule and atom. 
But this having been solved, there comes the other problem, namely, to find 
definite, that is, quantitative differences in the midst of the uniformities, and these 
for the chemist are differences of mass or weight. Throug;h that redistribution of 
mass which attends chemical interactions it has been possible to trace out to some 
extent the natm'e of the transformation of substances and develop the science on 
the lines of chemical composition and chemical constitution. Thus, then, the 
balance has become and will continue to be the necessary iuatrument of chemical 
research ; but again I would remind you that it records its facts in units which 
are not ours, and of which we avail ourselves only as the means to an end. 
Sodium chloride is chemically composed, not of 3546 equal parts of chlorine with 
2306 of the same equal parts of sodium, but of equal quantities of those simple 
substances. 

The theory of chemical molecules or equalities and their relations to the 
equalities between the weights and gaseous volumes of different substances were 
brought to light not by Richter’s law of chemical combining proportions, and not 
by Avogadro’s hypothesis as to there being equal numbers of particles in the same 
volume of different gases, but in the first place by Dalton’s atomic theory and 
Gay-Lussac’s law of simply related gaseous volumes in chemical change ; and 
then, much more fully in the middle of the last^century, through the brilliant, 
work of Gerhardt, Williamson, Laurent, Odling, Wurte, and others, in the purely 
chemical field. Dalton gave us the conception of the noolecuie, though confused 
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witk that of the atom, as the unit of measure of chemical activity in plsice of the 
gravimetric unit ; the work of the chemists of the last mid-century gave us a 
fuller conception of the molecule, along with the notion of chemical change as 
being substitution in the molecule effected by what became known as double 
decomposition. Up to that time chemistry had been treated only as the science 
of compounding and decompounding or reducing. Sodium added to oxygen gives 
soda, sulphur added to oxygen gives sulphuric anhydride, soda added to the 
anhydride gives sodium sulphate, ethylene added to chlorine gives dichloreth^ne, 
water subtracted from alcohol leaves ether, and so forth. All this is strictly true 
in a limited way, but then it is not chemistry ; and the addition precedes and 
does not constitute the chemical union. In the sodium sulphate we perceive no 
soda, no anhydride, no sodium, sulphur, or oxygen. That is to say, there is 
evidence of the addition and subtraction of mass and some other such evidence ; 
but, for the rest, evidence of addition there is none. Were it otherwise there 
could be no chemistry. It is true that one of the great things accomplished by 
/Chemistry has been that of establishing the law of the conservation of mass, witm 
out which to rely upon the chemist would he unable to carry on his experimental 
investigations. But that is only because, like the steady point to the seismologist, it 
is there unchangeable when all else is changing. Since it is the law of no change^ 
it cannot serve to explain what is change. from being the science of the compo- 
sition of substances, chemistry might be defined as being the science of the non* 
composition of substances where that composition might have been looked for 
from the antecedents. If salt is verily a compound of sodium and chlorine, and 
•can he broken up into these, why have the fragments not the marks on them of 
that whole of which they formed a part ? It is true that 5860 parts of salt 
become 3545 parts of chlorine and 2306 parts of sodium, nothing being gained 
or lost in weight j but to account for that there is no need of cheinistry, a science 
which takes cognisance of the phenomena of change, and not of those of ui?.- 
■changed properties. The use of the word ‘ composition ’ in chemistry cannot be 
discarded now, and all that is necessary to make it unobjectionable is to see that 
the term is always qualified by the prefix ‘ chemical ’ when there is a possibility 
■of mistake about its significance, and that that significance is carefully explained^ 
if not defined and fully illustrated, before it is given over to the beginner. 

The facts of a chemical nature about common salt which cause the statement 
to be made that it is a chemical compound of chlorine and sodium are such as these. 
Salt can be wholly changed into sodium and chlorine ; these substances brought 
■together change into salt and nothing else ; salt and sodium, each under conditions 
appropriate to it, change into the same substance, called also a sodium compound, 
•such as sodium hydroxide ; salt and chlorine, each in its own way, change into 
the same chlorine compound, such as hydrochloric acid; neither sodium no;r 
chlorine, one apart from the other or the other’s chemical compounds, ever changes, 
into salt ; salt is, directly or indirectly, producible in the chemical interaction of 
a sodium compound with a chlorine compound ; the properties of salt are much 
less like -those of either sodium or chlorine than like those of some other sub- 
stances; in sensible and other physical properties the chemically componn^d 
substance, salt, is as simple as or simpler than either of the chemically simple 
substances, sodium and chlorine ; lastly, the laws of C0(mbining proportion by 
weight are obeyed in all the chemical changes in which salt takes part. 

With exclusive reference to such facts as these, the chejnical composition of a 
substance will, I think, be found to be satisfactorily defined, as its having the 
power, capacity, or property of being wholly producible from and wholly con- 
vertible into, directly or indirectly, those substances of which it ,is said to be 
composed. A simple substance differs from one that is compound .only in not 
possessing the power of being by itself convertible into two others,, or of being 
iproduced alone from any two others. Simple substances ?ire not less yaried ox 
less complex in tbeir physical properties than compound substances, while their 
chemical constitution is oft^ more problematic than ithat of many which are, com- 
pound. The term * simple,’ therefore, is as misleading in the language of, chemistry 
as ‘ compound,’ unles-i defined and qualified in use by the word ‘ chemically.’ 

• " B-3 
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The ground really occupied by chemical composition in theoretical chemistry is 
now greatly limited ; for with the full acceptance of the idea of the molecule and 
of the atom as a derivative of it, its place has been taken by chemical constitution 
to an extent hardly realised. The useful and practically necessary expression 
of the results of the quantitative analysis of a new substance gravimetrically 
is all that can strictly receive the name of its chemical composition. When 
the term is apphed more widely it is used for what are really the simpler forms of 
chemical constitution. It was otherwise before the conception of the molecule 
had become current and the atom had become a derived function of the molecule. 
Chemical composition as expressed by Dalton in atoms is indeed that and nothing 
else. Carbonic anhydride is composed, according* to him, of two atoms of oxygen to 
one of carbon, as against carbonic oxide which is composed of one ; marsh gas oi 
two atoms of hydrogen to one of carbon, as against oletiant gas composed of one. 
But then it was only numerical necessity which led him to adopt such a mode oi' 
expressing the facts. The same necessity, it is true, affects us also in the matter 
of carbon dioxide, of water, and of ammonia, hut how little it does so is shov/n by 
the many cases in which the empirical or simple composition is expressed in 
multiples. The atomic chemical composition of ethylene is two of hydrogen to 
one of carbon, and that of benzene one of hydrogen to one of carbon. Wluui we 
say, as we always do, that the one substance is ‘ composed ’ of four atoms of hydro- 
gen to two of carbon, and the other of six of hydrogen to six of carbon, we give 
what is information concerning the constitution of these substances. Call it the 
composition of the molecule as we may, it is evident that by composition we 
can here mean only constitution. As with polymerism, so with isomerism, and 
in a more marked way. Mercurous sulphate and mercuric oxyaulphite, quite 
distinct salts, have yet the same composition. 

In the great reformation wrought by the chemists to w'hom I have referred, 
but by Gerhardt in particular, the new light set up in chemistry was the notion 
of what came to he called ‘ double decomposition ’ in chemical change. The ]>hr}i.si‘ 
is not, perhaps, happily constructed, but it has the merit of needing some expla- 
nation of its meaning "before it can be understood, and troubles, therefore, through 
a too simple apprehension of the sense of the word ‘ composition ’ are hardly to be 
feared. Its introduction into chemistry marked the ascendency of tlu' idea of 
the molecule as the ftictor in chemical change whose interactions with other 
molecules were to be considered, instead of those additions which, as chemical 
phenomena, never take place. It led also to new conceptions of the nat.ure of tht* 
atom and the compound radical as being the quantitative and (jualitative expres- 
sions of the powers possessed by substances to change into others, and to the 
conception of the valency of atoms and radicals as expressing the nature of the 
connection of successive chemical changes. The zeal wit h which it was atttanpttal 
to force all chemical changes into the form of double decoin])Ositi(»n iuterf«‘re(i, 
perhaps, with the full recognition of its iraportanci* ; but the fact remains that, 
with hardly an exception, all that is stated concerning tlu‘ nature of those 
chemical changes in which two or three substances becoims one, or one becomes 
two or more, is based upon notions derived from the study of doubh^ dt'cninposition. 

The fundamental value of double decomposition coneists in its displaying 
threads running through chemical transformations which can bt^ followed up. 
When two substances change into two others, and only tluui, tliere can bo found, 
in most cases relations of resemblance, both physical and chtunical, bt'tween the 
before and after of a chemical change. Instead of the striking unlilcencsscH shown 
by the substances formed by quasi-addition to those from which they arc formtal, 
tnere are here met with the similarities of the outcorning to the intenu^ting sub- 
stances, and the similarities between the products of different iiitfuiietio! is in which 
the acting substances are similar. Chemists had been for very long familiar with 
acids, bases, salts, without becoming deeply impressed with tlie signilicanc'c of tim 
resemblances which these class-names imply, and al^ with tlie fa(d,‘^ that acids 
beget acids, bases bases, and salts salts, or in more general terms, that, aubstances 
in interaction produce others like them, and that ditlerences between the products 
and the agents in one change are distinctly repeated in a ^iimlar cdiange in whicli 
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other substances are concerned, points now given expression to by such terms as 
‘chemical constitution/ ^homologous’ and ‘analogous series/ ‘Kopp’s law/ &c. 

What is so important to consider in the study of double decomposition is that 
the fact, that the sum of the masses of the two products ot the change is the sum 
of the masses of the two interacting substances, presents itself no longer as being 
merely the evidence of the massing together of substances into a compound ; for 
there is in double decomposition to be considered that redistribution of mass 
which, on the one hand, is found to correspond to and be part of a general 
though not sharply defined redistribution of physical and chemical properties; 
and, on the other hand, to be obviously irreducible to that interchange of those 
simpler substances which in many cases are produced in the simple decomposition 
of the acting substances. 

The physical properties of substances, or rather their sensible qualities, are of too 
uncertain a character for their redistribution to be safely traced. But it generally 
does result, amongst inorganic substances, at least, that colour is transmitted, the 
saline, acid, bitter, or other taste of one of the active substances will appear, with 
more or less distinctness, in one of the products, a relatively volatile and a relatively 
fixed substance- together will yield a similar pair of products, a dense and a light 
substance will yield a dense and a light substance, and so on. The chemical 
properties, however, are quite definitely redistributed to a large extent, a fact 
sufficiently illustrated by saying that an iron salt yields an iron salt, and a sulphate 
yields a sulphate. 

But this is not a redistribution in which simpler substances, or indeed any 
other substances than those interacting, play a part: as soon becomes evident 
on attempting to establish the contrary by an appeal to the facts. ‘While 
silver acetate and silver sulphate resemble each other and also silver nitrate as 
silver salts, they do not resemble silver itself ; and though silver nitrate resembles 
sodium nitrate as nitrate, there is not even a substance known which is related to 
these salts as silver is related to silver salts. It might be objected to this that 
there may yet become known such a substance, which in its ultimate decomposi- 
tion would give one molecule of nitrogen to three molecules of oxygen. If instead 
of nitrate were given acetate or cyanide, there would be found in the substances 
acetic peroxide and cyanogen, it might be said, the analogues of the as yet unknown 
substance of the nitrate. But the point I would make is that nitrate, sulphate, 
&c., are names with well-defined meanings independent of the fact that the cor- 
responding substances are not known ; for it follows without argument that also 
the terms silver, iron, chloride, &c., should be equally independent in meaning of 
the existence of the substances silver, sodium, chlorine, &c. It is a familiar 
historical fact that csesium, helium, and fluorine were chemical names long before the 
substances csesium, helium, and fluorine became known. We might well be convinced, 
therefore, without going further, that constitutional names, names which convey 
the facts of likenesses preserved in chemical change, cannot be indicators of the 
presence of the substances for which they may be also used. For, that being the 
case, we have no grounds for assuming that silver nitrate in interaction with 
sodiuDi sulphate decomposes into the substance silver, which then combines to 
form silver sulphate. But fuller proof than any appearance of likeness or unlihe- 
ness can give is afibrded by facts which became known and appreciated in 
connection with the chemical molecule. Typical of them all is the fact that 
in none of its interactions does chlormethane yield a hydrocarbon simpler than 
methane or than itself. Under those conditions in which it might have been ex- 
pected to give a substance which would be methyl, it produces ethane, a substance 
which chlorine converts into another substance, having instead of one- third only 
one-sixth less hydrogen in its composition. Similar results have been obtained in 
all cases where the point can be determined — ^that is, where the simpler substance 
looked for would still be a compound substance, and such simpler derivatives are 
looked for no longer. The mofiohydride of oxygen or sulphur, the dihydride of 
nitrogen or phosphorus or arsenic, the mononitride of carbon, the organic com- 
pounds, methyl, phenyl, acetyl, are not only unknown, but are held to be non- 
existent substances, tbougl^ their chemical compounds, the hydroxides, amides, 
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cyauideSj and tlie rest, are both numerous and well defined. Whatever other view 
we shall have to take of the constitution of Gomberg’s remarkable ‘ triphenyL- 
methyl,’ it will certainly not be that it is identical with the radical of the tri* 
phenylehlormethane from which it is derived, unless we are prepared to allow 
that carbon is sometimes tervalent. Ethylene the substance difiers from ethylene 
the radical in having its two carbons differently related ; hut it is difficult to 
see how to tOake a similar distinction in the case of Gomherg’s substance. 

In those other cases in which the point is not strictly determinable, only because 
the resulting substances are the simple substances themselves, it required but the 
recognition of molecular quantities to make it evident that these cases run 
parallel with the others. For, in all changes which can be satisfactorily followed 
out, the resulting or entering quantity of the simple substance is twice as great as 
that which can have come from, or gone to form the molecule of either of the 
compound substances. But if, so far as can be traced, a simple substance comes 
only half from one molecule of any of its compounds, none of these compounds can 
contain or be composed of simple substances. All simple substances, therefore, 
as well as all compound substances, enter into and come out from chemical 
changes as dual in all of them in origin and disappearance. Their colligative 
properties have been appealed to in order to confirm this observation, hut with 
contiicting results, sometimes confirmatory of the chemical evidence, sometimes con- 
tradictory of it, and sometimes too complex for confident chemical interpretation. 

I refer here more especially to Avogadro’s proposition, which is in effect that 
equal volumes of gases are chemically equal or molecular. As in the case of 
Dalton’s atomic theory, there is to be distinguished in this proposition what 
Avogadro really put forward as new from what he took for granted. Admitting, 
as was to him a matter of course, that gases have in equal volumes equal numbers 
of particles,) he asserted that in the case of elementary substances these particles 
are not the atomic particles-, but) as in the case of compound substances, particles 
compounded of these, which interact with the particles of other gases as chemically 
equal each to each. Xf now this proposition is divested of all hypothesis, all 
reference to the mechanical structure of gases, it becomes the law that equal 
volumes of gases at the same temperature and pressure, whether simple or com- 
pound, are almost exactly chemically equal quantities, and once in possession 
of this law we find nothing becomes clearer by assuming that eiptd volumes of 
■different gases contain the same number of chemically equal particles. This law 
is, obviously) an advance upon Gay-Jjussac’s law similar to that of the chemical 
molecular theory upon the atomic theory of Dalton. Unfortunately, however, it 
does not hold good in the case of not a few simple substances, and it seems impos- 
sible from the chemical point of view, and consistently with the molecular theory, 
to admit that, because the gas-volume has only half the expected mass, the 
•chemical molecule of sodium or mercury is not bipartite like that of hydrogen or 
■oxygen, and chemically equal to either. 

The dual constitution or chemically compound nature of the simple substances 
as thus established by the part they take in chemical interactions furnishes further 
‘evidence of the untenability of the belief that the molecule is chemically composed 
■of two substances, or their substitutes, simpler than itself, when we consider that*, 
were this true, there would be chemical union between two things periectly alike, 
two portions of the same thing. This difficulty was, I believe, first raised by Berze- 
lius, and has never been met. Physically, the matter is simple enough, if motion in 
the opposite direction is not counted as a difference hetwen two masses. Ilut this 
♦would be a non-elective union, whilst -chemical -union is elective, 

The difficulty, insurmountable when madse, does ‘not arise when the fact is 
recognised that every chemically single substance, whether simple or compound 
is, as a substance, one and without parts, and can never, therefore, be built up of 
or broken down into parts different from itself. Gne substance (as two molecules) 
or two sobstances change iiito two others or into two molecules of one, in an 
interaction which is instant, uninterrupted, and irresolvable into stages, where the 
interaction is single in character. But just as a body can be mentally analysed 
(as in the investigations of dynamics) into mass and .motion, which apart are un- 
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known, and as these a^'ain can each be conceived of as further divided, resolved, 
condensed, and otherwise qualified as centres of mass, compounded motions, and 
so forth, so the chemist is enabled mentally to find quantitatively defined this, 
that, and the other mark of the many chemical interactions which have or may 
have gone to bring it into existence, and will or may again have place in the 
possible forms of its dissolution into others. The two methyls in the constitution 
of ethane, about which we are quite certain, are not two things held together till 
some interaction sunders them in the chemical dissolution of ethane, but the 
double mark of similarity between it and other methyl compounds in their chemi- 
cal interactions. We cannot say that only one part of the ethane is methyl, or 
hydrogen, or carbon, but that part of its nature, of its constitution, is its behaviour 
as a methyl compound, or, again, as an ethyl compound ; or, more comprehensively 
but less specifically, part of its constitution is its behaviour as a hydrocarbon, as a 
hydrogen and as a carbon compound. But these are difierent aspects of it, 
different relations of it, not differing parts of the one homogeneous substance. 

With the laudable object of combating the prevalent notion that matter is 
something which is the basis or essence of a body, something acting as the medium 
of the manifestation of its forms of energy, a distinguished and most lucid writer 
on chemistry has, adequately perhaps tor that object, represented a body as a 
compound of the various forms of energy subsisting together and cohering in cer- 
tain proportions within the volume of Ihe body. this presentation of a subject 
as a cohesion or association of forms of energy is on the same footing as the pre- 
sentation of ethane as consisting of two methyls bonded together, or two portions 
of carbon with six of hydrogen. It is compounding what cannot be had apart, 
what cannot be even conceived of as separate, so far as bodies are concerned. The 
analysis of bodies into manifestations of different properties are only mental opera- 
tions. A moving body, a hot body, a green body, an explosive body, becomes by 
legitimate abstraction a phenomenon of motion, of heat, of colour, or of light, or 
a chemical phenomenon as our needs require ; but the body is there all the while, 
and its undivided and continuous existence is indispensable to the phenomenon. 
The body can be hotter or colder, but not that only, — nob that without other differ- 
ences ; red-hot iron is throughout a very different thing from cold iron, and ice 
differs widely from steam in most of its properties. A substance is no more com- 
posed of its properties or energies than it is composed of its so-called elements. 
It manifests its presence in a thousand and one ways more or less distinguishable ; 
its properties are so to manifest itself. But no divisibility of itself while it remains 
itself can be thought of, no difierentiation can he suggested, no nucleus with its 
superinduced properties can be traced. 

It ought, therefore, to he possible to express all the particulars of chemical 
constitution without ma|ciug any assumption as to substances having parts or 
structure. Of chemical constitution itself, I doubt whether there is to be found a 
definition which is not couched in language having reference to the minute 
mechanical structure of substances, notwithstanding the fact that all knowledge of 
their chemical constitution has come to us through observation of the properties of 
the substances themselves, and more particularly their relations in cases of double 
decomposition. Bearing in mind that all terms are relative, I think the chemical 
constitution of a substance may be defined as the resemblances shown by it in its 
chemical changes to other substances, often better known than it and taken as 
types, these resemblances being indicated and described usually by means of 
special nomenclature and notation. As this nomenclature and notation have been 
developed out of those designed to express chemical composition, it is well to 
point out that the notion of chemical constitution is independent of that of the 
latter, though clothed to some extent in its language and symbols. 

The notions of radical and atom are so intimately related as to be often used 
indifferently, the one for the other. The radical, ethylene, is always an atom of 
ethylene, the radical nitrogen always an atom of nitrogen. Radical and atom 
are, in fact the qualitative and quantitative aspects of the same thing. They 
are thus exactly parallel with substance and molecule. We can think of 
unquanidtied substance, and perhaps of unquantified radical, batdn chemistry we 
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never really "want sucli conceptions ; one of the many definitions of science is the 
quantification of phenomena, and in every chemical phenomenon the substances 
concerned are quantified as molecules. The quantification of radicals expressed 
by the atom is fundamentally the same in principle as that of substances, namely, 
that of chemical equality in interaction ; but it may be better to say that it is 
dependent upon the quantification of substances as molecules. 

In the interaction of double decomposition each substance by contact and 
union with the other develops and manifests a dual character by becoming 
distributed as the two new substances, with the consequence that each of these 
has certain properties the same as those of the one, and certain others the same 
as those of the second interacting substance. What is common in_ this way to 
one of the interacting and one of the resulting substances is a radical of these 
substances, of which there are evidently four in every double decomposition. 
These radicals of a single interaction are defined as whatever two parts of the 
powers of a substance to yield the simple substances of its chemical composition 
are, in certain interactions, continued separately from each other in the two new 
substances. But the pair of radicals developed in the various double decomposi- 
tions of a substance being by no means always the same, one of the radicals 
of one pair must include in its composition part or all of one of those of another 
pair. Acetic acid has for one pair of radicals methyl and carboxyl, and for 
another pair acetyl and hydroxyl. Of these, carboxyl includes hydroxyl, and 
acetyl includes methyl. Again, acetic acid yields the hydrogen and acetate 
radicals in one interaction, and hydroxyl and acetyl in another, so that in these 
cases the acetate radical includes acetyl and the hydroxyl includes the radical 
hydrogen. Now, what is common to carboxyl and acetyl and what is common 
to the acetate radical and hydroxyl are also treated as radicals, the one being 
known as carbonyl and the other as the radical oxygen. These are examples 
of what may be distinguished from the others as the polyvalent radicals. They 
are radicals of radicals, and therefore also radicals of substances. They may be 
defined as the common part of two or more other radicals. A single dennition of 
all radicals can be given, but it is not instructive. A radical is any single power 
or any interdependent association of the powers of a substance to produce simple 
substances which continue in any product or series of successive products of its 
chemical change. 

Before I leave the subject of the radical I wish to repeat that it is only 
when it is interacting that a substance shows a dual character or division, as it 
were, into parts or radicals, and that the duality it then shows is determined as 
much by the nature of the other substance as by its own. A substance is neither 
actually nor conceptually the sum of its radicals. The very fact of the difference 
of these in difierent interactions should be proof of this ; though it only leads 
to its being taken to be at least the sum of its ultimate or simple radicals* 
If, however, it is not the sum of its proximate radicals, it is hard to see how it 
can be imagined to be that of the ultimate ones. In relation to its radicals, a 
substance must be held to present itself as any one of these for the purpose of 
investigation, and at the standpoint from which it is considered. It is then to the 
mind that particular radical, though also something else ; just as snow is white 
and cold, yet also something else, for the moment unconsidered. Nor can the 
two products of an interaction be looked upon as themselves the sum in properties 
of the interacting substances. To a limited extent and imperfectly, we can attach 
to a given radical certain of the properties common to its compounds ; but it 
needs no greater insight than we have already, to recognise that a substance cannot 
be what it is in one way, without being in that way greatly affected by what 
it is in another. This is now a recognised but not sufficiently considered point, 
and I therefore welcome those publications of Professor Vorlaender, of Halle (who 
now honours this Section with his presence), in which he has been vigorously 
calling attention to the extent to which the properties of a substance, acid, basic, 
stable, and what not, depend as much as, if not mere, upon the interrelations of 
the radicals than upon the radicals themselves. 

. One other thing I have to mj about the radical, which is as to the spelling of 
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tlie word. I plead for a return to the ending of the word radical with ^ al/ now* 
interdicted in the ‘ Journal of the Chemical iSociety.’ It seems appropriate to call 
the powers of a substance to behave chemically as it does, the roots or radical 
parts of its chemical nature, but it does not seem appropriate to call them radicles 
or rootlets. Americans and all other nationalities but our own use the original 
spelling. 

I have put off too long, perhaps, all reference to the proper des of very dilute 
aqueous solutions of salts, but I wished first to discuss the nature of the radical. 
The osmotic pressure and other dependent points which are particular in the 
behaviour of such solutions are in full accordance with the assumption that an 
electrolyte dissolution in much water becomes a pair or a binary system of 
two interdiffused quasi-suhstances called Mons.’ These ions must differ from 
isolated substances in bearing equal and opposite quantities of electricity; in 
being each unknown apart from its fellow ; and in having a composition not 
to he found in actual substances, though identical possibly with that which 
a radical would have were it a substance. The ions can be indeed separated 
from each other, but not to continue as themselves, since in the act of 
separating they form ordinary substances, either by uniting with other ions, 
or by two molecules of ion becoming one molecule of substance. In the 
former way of separation the ions of two salts interact on mixing their 
solutions ; in the other way, the ions become substances when their solution is 
placed in a galvanic circuit. In this mode of separation — by electrolysis, that 
is — the substances corresponding with the two ions, or else secondary products of 
their change, are produced, the one substance at the kathode and the other at the 
anode, while the solution away from the electrodes, but between them, remains for 
the time unaltered in composition. Along with this there occurs in many cases 
a phenomenon first recorded by Daniell, and afterwards investigated by Hittorf 
with such beautiful results. This consists in a greater fall taking place in the 
concentration of the salt solution close to one electrode than in the concentration 
of that close to the other, as though the ions were hydrate compounds, and that 
the one ion was a higher hydrate than the other. Until we know more of the 
nature of the ions themselves this phenomenon is most conveniently quantified 
on the hypothesis that the ions travel as molecular particles, hut the discussion 
of this hypothesis is beside my present purpose. 

The phenomena of ionisation or, in other words, the particular properties of 
dilute solutions of salts, belong evidently to a change unlike all other chemical 
changes. It is a polarised chemical change, in which the equivalent and comple- 
mental products of the interaction appear apai’t and at remote surfaces of the mass 
of decomposing salt solution. Two points which call for notice in connection with 
my present subject are that an ion is one of a pair of quantities commensurate with 
the quantity oi the salt itself that is or would be in interaction ; and that it is 
molecular in character and therefore to be regarded as a relative and wholly 
variable quantity. 

Dalton’s atoms were both the atoms and the molecules of present-day 
chemistry, hut much more the latter than the former. Although the chemical 
atom can now be no more than a dependency of the molecule, it is commonly set 
up as the starting-point in chemical theory, and as having an independent existence 
as a quantity of the substance, while the molecule is represented as being a con- 
jugation of atoms. But there cannot he two standards in reference to the same 
thing, and in molecular chemistry the atom must give way. As I have already 
had occasion to point out, the atom is of the radical, the molecule is of the 
substance. 

The four radicals of a double decomposition are equal and chemically com- 
plementary. These chemically equal quantities of such radicals are atoms. The 
quantities of all other radicals are also atoms, hut only those of proximate radicals, 
those of a single interaction, are equal. Similarly, the quantities of the four 
substances of a single interagtion are all equal and are molecules, but the quantities 
of substances are not equal in other interactions. These others are treated as the 
simultaneous occurrence of two or more single interactions, which they can alvvaye 
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be represented and sometimes demonstrated to be. Calcium hydroxide and 
hydrogen sulphide giye calcium hydrosulphide and water by two single inter- 
actions together, which in this case can be easily distinguished, since the calcium 
hydroxide will also interact with only half as much hydrogen sulphide to form the 
insoluble crystalline calcium hydroxy hydrosulpbide and half as much water as 
before ; this calcium salt will then interact with as much more hydrogen sulphide 
as went to form it, and produce the very soluble crystalline calcium hydrosulphide. 
Or the calcium hydroaulphide and as much calcium hydroxide as yielded it will 
readily interact to form twice as much as the first-obtained quantity of calcium 
hydroxyhydrosulphide. Thirdly, the calcium hydrosulphide and half as much 
water as was formed with it from calcium hydroxide readily interact to produce 
calcium hydroxyhydrosulphide, and half as much hydrogen sulphide as was 
needed to form' the hydrosulphide. Therefore, and on other grounds, we say and 
know that one molecule of calcium hydroxide and two molecules of hydrogen 
sulphide give one molecule of calcium hydrosulphide and two molecules of water. 
This is, of courae, only the law of multiple proportions introduced into chemical 
interactions. The expression ^two or more molecules of a substance’ has a 
meaning only as indicating the number of simultaneous or successive single inter- 
actions which have led to the conversion of certain substances into others. 

Now a similar but complementary state of things meets us in the case of 
radicals. Instead of the coefficients of molecules, necessitated by having to 
consider many chemical changes as being cases of two or more single interactions 
occurring together, there are the valency coefficients of the polyvalent radicals, 
called out also by such a compound interaction. Thus, in the above case, whilst, 
the single interaction between hydrogen sulphide and calcium hydroxide shows 
calciumhydroxyl as one of the radicals, the succeeding interaction between the 
calcium hydroxyhydrosulphide and more hydrogen sulphide shows the radical 
calciumhydrosuiphuryl, and the common part of these two radicals is the bivalent 
radical, calcium. It will be evident that to give the atom of the calcium radical 
as bivalent is a statement reciprocal or complementary to that of giving two 
molecules of hydrogen sulphide as interacting with one of calcium hydroxide. 
Chemical equality remains still the measure of the atom, hut that, in complex 
changes, whereas the number of molecules of one substance marks the number of 
single interactions, the valency number of the atom marks the same thing for the 
radical. It is a matter cf valency, and not otherwise a matter of the atom. The 
radical calcium is never actively bivalent in a single interaction ; in other words, 
it is never equal to two atoms of hydrogen. As a simple radical it does not take 
part in such an interaction ; but it does do so as a radical of radicals, such as 
calciumhydroxyl and calciumhydrosnlphuryl, and then has the same measure as--- 
is equal in exchange to — the atom of hydrogen," though carrying with it of necessity 
other radicals, a thing the hydrogen radical never does or can do. To take 
another example : when acetamide is formed from acetic acid, the nitrogen of the 
amidogen and the oxygeii of the hydroxyl are equal in exchangf', but. bi'caust^ of 
their valencies the one carries with it two atoms and thii other oiU‘ atom oi' 
hydrogen. This is no matter of merely academic contention, for upon its recogni- 
tion rests the doctrine of valency itself. 

The quantity of the radical is the only proper and sufficient definition of the 
atom, whether the radical be that of a sm|le interaction, or a radical of radicals, 
that is, a polyvalent radical. The atom is, therefore, the quantified power of a 
substance, as the compound of the radical, to produce other compounds of the 
radical, including its compound with itself, where that is possible. As with the 
molecule of a substance, so with the atom of the radical, it is of no fixed magni- 
tude, and may weigh a kilogram just as well as only a milligram or something 
much less. Being a relative quantity and nothing by itself, of its indivisibility 
there is nothing to be said outside its definition ; whilst, as to its being tbe smallest 
relative quantity interchanging in an interaction, it had only thus to be defined 
when there was uneertainty as to the molecule and tBe single interaction. 

It has been impossible for me to discuss the nature of the radical and the atom 
without referring to valency, but it is itself a subject of such importance as to need 



TRANSACTIONS OF SECTION B. 


17 


special consideration. Tt does not seem right to me to say even the little I can 
say about valency without naming with the respect they deserve from us the dis- 
tinguished chemists who laid the foundations of the doctrine and developed it : 
Williamson, Odling, Wurtz, Edward Frankland, and Eekul^. I had the good 
fortune to be in the same laboratory as, and then intimate with, K^kuM, when in 
1854 he was working out the bivalency of sulphur and oxygen by his investigation 
of thioacetic acid, some time, that is, before he had thought out the benzene ring 
and the valency of carbon. 

Only when, as is usual, propositions are made in which a separate and inde- 
pendent existence, with valency as a property, is imputed to a radical, does the 
question, as to what valency is, present any difficulty. Approaching it from the 
side of the molecule and of double decomposition, and therefore from the experi- 
mental side instead of from that of the radical itself, as is customary, valency 
presents itself as being the number of single interactions necessary, in order to 
have a certain radical occur, first as that of one substance, and then as that of 
another which has no other radical in common with the first substance. That 
ammonia possesses one atom of the radical nitrogen, and three atoms of the 
radical hydrogen, and that the nitrogen radical is tervalent and the hydrogen 
radical univalent are statements mutually based upon facts such as the following. 
Potassium nitrilosulphate, which contains nitrogen but no hydrogen, is converted 
by water in a sharply defined single interaction, into potassium hydrogen sul- 
phate, and into potassium imidosulphate, a substance which contains all the 
nitrogen along now with hydrogen. This salt passes, also sharply and by a single 
interaction with water, into as much more sulphate along now with potassium 
amidosulphate, which latter substance contains all the nitrogen and twice as much 
hydrogen as belonged to the imidosulphate. Lastly, the amidosulphate inter- 
acting with water gives a third quantity of po.tassium sulphate, equal to the last, 
and also ammonia, having all the nitrogen of the nitrilosulphate started with, three 
times as much hydrogen as the imidosulphate, and nothing else. That is to say, 
the nitrilosulphate and the ammonia have no other radical than the nitrogen the 
same, while three single interactions have been necessary to separate in this way 
the nitrogen radical from the three atoms of the potassiumsulphonyl radical. 
Therefore* the nitrogen radical is tervalent and its quantity is the atom. Again, 
there are three atoms of the univalent hydrogen mdical in the ammonia molecule, 
because in each of the three interactions an equal quantity of this radical is 
brought in from water. Ammonia shows only one pair of radicals, behaving, so 
far as its own interactions go, exclusively as a compound of amidogen and 
hydrogen, and these radicals are referred to as united or bound together in being 
ammonia, It is only the inhsractions of its derivatives, primary, secondary, and 
tertiary, that are indicated by treating the amidogen as ultimately nitrogen and 
two hydrogen radicals. But this involves the consideration of all three hydrogens 
as bound to the nitrogen ; and it becomes, therefore, of vital importance to bear in 
mind that the hydrogen radical, proper to the ammonia itself, is bound to a 
nitrogen radical which carries also bound to it two other hydrogen radicals. 

Chemical formulae still remain to be considered. They are symbolisations of 
deductions from experimentally ascertained facts, and are indeppd'ent of the inter- 
pretation commonly given to them as referring to the minute differentiated 
structure of substances. A chemical equation expresses a chemical change 
quantitatively by means of chemical formulae which are molecular. In a case of 
double decomposition, therefore, there are four formulae ; but when two or more 
such interactions are expressed in one equation, because they occur together, the 
formula of transition-substances do not appear, and then numerals before formulse 
tell the number of interactions in which separate molecules of the substance have 
taken part. A formula represents the relative interacting quantity or molecule of 
a substance, while the single symbols composing it stand each for an atom of the 
radical of a certain simple siibstance as possessed by the substance formulated. 
The connecting lines and dots, and certain collocations of the symbols, indicate 
the association of the simple radicals as compound radicals in different inter- 
actions, 
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What is symbolised fey position formulae, and indeed by tlie formula altogether, 
are the chemical activities and abilities of the substance and its derivatives, and 
their analogies with those of other substances. When not in interaction, a sub- 
stance has no constitution and no formula. It ia certainly not on any experimental 
grounds that it can be regarded as some spatial arrangement of unlike parts. To 
take the simplest case ; if we start with sodium hydroxide and symbolise its mole- 
cule by some mark, such as X to begin with, the interaction of the substance with 
an acid leads us to replace the X by two symbols and a connecting mark. One of 
these will be Na for the sodium radical ; let the second be Z for the other radical, 
and let a dot or stroke he placed between the symbols to mark them as those of a 
pair of radicals in interaction. In other interactions, such as that with melted 
potassium acetate, we find need for a new pair of symbols, one being H for the 
hydrogen radical, while the other may be Q. But it is easy to decompose two 
molecules of sodium hydroxide in one operation into molecules of sodium, hydro- 
gen, and oxygen, from which fact we learn that Z is replaceable by tlie double 
symbol 0-H, and Q by 0~Na. Thus, Na~Z and H-Q become equally Na-O-H, 
which records the ultimate radicals of sodium hydroxide, together with all its 
interactions, immediate and remote. But it does this with no more implication of 
spatially placed and tied parts than is made by expressing the measured flow of 
time by a straight line, or than is to be found in seconds of time, or in as the 
third power of a number, unless we specifically condition this symbol as stereo- 
metric. A formula is not to be read — on experimental grounds, I mean — as a 
symbol of parts juxtaposed and joined on, and should he regarded as an intricate 
but legible monogram telling the chemical nature of the substance. Every symbol 
in it is to call to mind a phase of the chemical activity of the substance or *of its 
derivatives, a phase that may be for the time as the substance itself to the inveati- 

f ator, just as a pigment substance becomes only a red or a white to the painter. 

'or example, salt is often nothing more than its chlorine phase to the chemist 
when he wants only a soluble chloride ; whether it is of potassium, sodium, or 
ammonium, then matters not to him. 

The double linking of the carbons in ethylene is a symbolised expression oi 
facts, without reference to hypothesis. The two carbon radicals of ethane or of 
alcohol behave together just as does the single carbon of methane or tlm nitrogen 
of ammonia in being, but with a valency of six, continued to other coin|)oun(ls 
devoid of all the other radicals of the ethane or alcohol— that is, of the hydroxyl 
and the hydrogens. The quadrivalency of each carbon is made up by tlie inter- 
action necessary to dissociate or to bring together the two methyls, which counts 
as a unit of valency to each carbon. Ethyl hydrogen suljihate* decompose.s into 
sulphuric acid and ethylene, the hydrogensulphate radical with a hyi*ogen radical 
becomes the acid as the one product, while the methylene radicals again pair off 
as the two methyls had done when ethane was formed, thus producing the non- 
saturated substance, ethylene. Since there is a perchlorethyhme, the second link- 
ing mark falls between the two carbons ; and when ethyl'ciit‘ passes back to an 
ethane compound two units of valency are displayed by it without tlu,^ carbons 
becoming dissociated. 

Position formulfB of isomerides, such as those of propyl alcohol and acetone, 
present no difficulty, because they are interpreted a.s the ex])ressions of unlike 
double decompositions. Itps not unfrequently the case that no constitutional or 
structural formula can be given to a substance which shall expr(\ss all the pairs of 
radicals possible in its interactions, of which the best-studi(‘d example i.s that of 
ethyl acetoacetate. This state of things, known as tautomery, admits of no other 
interpretation than that there are really two substances existent, of which one ojily 
is known, the other or so-called ‘ pseudoform ’ requiring the assumption of its 
existence as a transition-substance only. The notion of the shifting hydrogen 
radical is but the hypothetical way of viewing the intervention of the' intramole- 
cular change which the substance becomes its ‘ psqudoform.’ 

The cyclic formula of benzene expresses the fact that, unlike a iatty hydro- 
carbon, benzene shows but one pair of interaction radicals, hydrogen and plieny 1. 
The ‘ ortho-,’ ^meta-/ and 'para-’ positions in benzene derivatives are only expres- 
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siousof facts of ‘ position ’ isomerism, sucli as those pertaining to other non-saturated 
compounds, but more complex to unrarel and more varied and interesting. It is 
doubtful whether the K4kul^ ring does not remain as efficient a symbol as any 
stereographic substitute yet proposed for it ; but it itself is purely a symbol of 
chemical interactions, and has no spatial significance other than what may be put 
into it by convention. ' Adjacent,’ ‘opposite,’ and the like have only application 
literally to the arrangement of the symbols ; but if the symbolisation is perfect 
the ‘ opposite ’ carbons will, as a matter of course, always indicate the same point 
concerning the chemical interactions. 

■Whether the chemical formulae for the lactic acids are better arranged in a 
plane or as a tetrahedron is to be decided by the facts concerning these and other 
asymmetric carbon compounds, the object being to symbolise or formulate as 
distinct and complementary in certain physic^ properties, but alike in their 
chemical interactions, two isomeric substances, simultaneously formed in molecular 
quantities. Enantiomorphous arrangements of the respective formulae of dextro- 
and IsBvo-lactic acids fully meet the case, but the facts are in no way explained by 
these formulse. In the enantiomorphously related bemihedral crystals of the cor- 
responding salts of the dextro- and Isevo-acids, and in their opposite rotatory effect in 
solution upon the plane of polarised light, we recognise something like a torsioned 
state of the whole homogeneous substance, something to be accounted for by pecu- 
liarity of chemical origin, but not something made more intelligible by any imagined 
arrangement of unlike parts. It is possible to give an account of the chemical 
facts without making reference to mechanical structure, and then to reason about 
them somewhat in the following way : Given the case of a substance doubly 
equipped with the power to take part in a certain interaction, and considering 
that the exercise of the power can only he single, and that it cannot he made 
without affecting and transforming, or perhaps nullifying, the second equipment 
with power, predict what will happen. That is the prediction called for con- 
cerning any interaction which generates an asymmetric carbon compound. The 
result could never have been predicted; yet how natural and beautiful it is when 
it comes to us through experiment enlightened by the genius of Pasteur, Le Bel, 
and Van ’t Hoff! That answer is that a twinned substance results, one indeed in 
most respects and chemically, hut two in certain physical properties, characterised 
by presenting phenomena as of equal and opposite strains, a polarised pair of sub- 
stances, in fact. What I mean by the double equipment with power is, of course, 
the pair of identically related and self-identical radicals, or the bivalency of one 
radical wholly and directly associated with the carbon radical. The case of the 
oxygen radical of aldehyde is that of the bivalent radical ; the other case is that 
of the two carboxyl radicals of hydroxytartronic acid, or that of the two methy- 
lene hydrogen radicals of alcohol which these carboxyls have replaced. The 
tetrahedral formula with its reflected form admirably symbolises the case of 
enantiomorphously related pairs of substances. But no light whatever is thrown 
upon the nature of this pairing by the tetrahedron model | its value depends upon 
the fact that as a symbol it so fully matches the constitution of the substances. 

Here I bring my summary of chemical theory and its formulation without 
hypothesis to a conclusion, hoping that, to some extent, I may have impressed you 
with the fact that the exposition of even advanced chemistry, in its symbolic, 
equally as in its ordinary language and nomenclature, is independent of any 
hypothesis as to the mechanically and chemically differentiated structure of sub- 
stances, and that chemistry can he studied and still furthur developed without 
reference to such a structure. I have asked for few or no reforms in the use of 
either terms or symbols, my point having been only to press for a consideration 
and discussion of the doctrines of chemistry and the great atomic theory itself as 
something concerned exclusively with experimental chemical facts. 
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Rock MeiamorpMsm. 

1 'WISH to ofier some observations to-day on some aspects of rock metamor- 
pbism ; and as this is a complex subject, and the time at my disposal is brief, I 
purpose to deal with it in simple lang'uage, and to avoid as far as possible all petro- 
logical technicalities. 

A short description of a granite in the Satlej Valley of the Himalayas will, T 
think, introduce us by a short cut to the consideration of ‘ contact metamorphisin,’ 
an important branch of the subject under consideration. 

The granite I allude to is an intruder in the normal gneissose -granite of the 
Himalayas, and cuts through it at right angles to its foliation. 

The intruder, which is some yards wide, did not rise through a simple crack or 
fissure, for its passage upwards was interrupted by a sheet of dark intrusive 
diorite, older than itself, which ran, roughly speaking, parallel to the foliation of 
the gneissose-granite. 

This sheet of diorite offered considerable resistance to the rising granite. 

The granite zigzagged backwards and forwards across the diorite and ran along 
its edges for fifty yards or more, converting it into a mica trap. 

It then tore itself away and continued its upward course. The granite I am 
describing was in a molten or fiuid condition at the time of its eruption, as I hope 
to show in my subsequent remarks. 

I may pause here, however, to consider in passing what was the probable 
temperature reached by a granite such as that above described. 

The question is one of very great difficulty, as we know so little about the 
plutonic conditions of igneous rocks, and can only arrive at an answer to our ques- 
tion by indirect evidence. 

The melting point of quartz ranges from 1425° to 1450° C., but the fusion 
point of granite need not necessarily be as high as this, inasmuch as the presence 
of water at high temperature nJaterially lowers the melting or solution point. 

The fusion point of the other constituents of granite ^may here be mentioned : 
that of orthoclase ranges from 1164° to 1168°; microcline, 1169°; albite, 
1172°; aiigite and homblende, 1188° to 1200°; apatite, 1221°. Zircon, which 
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is commonly found in granites, and is one of the first minerals to separate out of 
the magmaj is shown by Ralph Cusack to have probably a melting* point of 1760° ; 
whilst topaz, a not uncommon mineral in granite, is infusible up to the melting 
point of platinum, namely, 1770° C. 

If we consider, therefore, the melting points of the mineral constituents of 
granite, we can hardly avoid the conclusion that for the magma to have attained 
perfect fluidity it must have reached a temperature of at least 1200° C. 

Vernadsky has shown that kyanite is transformed into sillimanite, a well-lniown 
product of contact-metamorphisin at a temperature of 1320° to 1380°. 

If roclis in contact with granitic masses have been raised to this temperature, 
it follows that the granite itself mast have been still more heated, A^ernadsky’s 
observations have been relied on by Mr. G-eorge Barrow in bis well-known paper 
‘ On an Intrusion of Muscovite-biotite Gneiss ' in the S.E. Highlands of Scot- 
land to account for the presence of sillimanite in the inner zone of metamorphism 
between the kyanite schists and the granite, and he considered that the tempera, - 
ture attained by the ^ central masses of the Highland rocks ’ was probably higher 
than the figures indicated by Vernadsky. 

Bearing all considerations in mind, including the influeace of water and alkali 
in reducing, and of pressure in raising, the melting point, I think we may safely 
infer that granites, such as the Himalayan granite alluded to above, must have 
been raised at plutonic depth to a temperature midway between red and white 
heat, that is to say, to at least 1200° 0. 

To return to the graaite of the Satlej Valley under consideration, I wish to 
draw attention to its condition just before crystallisation commenced. 

A study of the mineral beryl will, it seems to me, throw light on this point. 

Beryl is an important accessory mineral of the granite under d('scription. It is 
clearly an original mineral, and it is material to note that it was the first initieral 
to crystallise out of the magma of the Satlej granite. This is shown by several 
circumstances. 

In the first place the beryl proservi'd its perfect crysl-allograpliic shape, showing 
that its molecules daring the entire period of crystallisation possessed comparative 
freedom of motion, .and were not interfered with or molested by other solid 
minerals. In the second place all the essential miner, als of the graiiiU>! wlusn they 
subsequently crystallised out of the m.agma were deposited on the crystals of beryl. 
I have specimens of the granite showing crystals of beryl enclosed in felspar, in 
muscovite, and in quartz. 

The beryl, therefore, having been the first mineral to crystallise, the examina- 
tion of thin slices of it under the microscope ouglit to give us a clue to the con- 
dition of the magma at the time the beryl was formed. 

I have made such an examination, and I find that the beryl is crowded with 
liquid and gas cavities, the former containing movable bubbles and deposited 
crystals as well as water. 

' The bubbles are of substantial size relative to the area of the cavil, ies, allowing 
that the water siifiered considerable contraction after it was sealed up in (he 
beryl. 

ycrope long ago suggested that the fluidity of avas below this melting point, 
was due chiefly to the water they contained, and attributed tholiquidity of granite 
to the same cause. 

Scrupe, however, in ascribing the mobility of an igneous rock to llii' presence 
of water seems to have had regard principally or wholly to its mechanical action 
in furnishing an elastic medium in the interstices between the crystals or grains of 
the rock, lie observes that a lava consists ‘ of more or less gTanular or crystalline 
matter, containing minute quantities of either red-hot water, or steam in ast,ate of 
extreme condensation, and consequent tension, disseminated intcrstitiaily among 
the crystals or granules, so as to communicate a certain mobility to them, and an 
imperfect liquidity to the compound itself,’ and he quotes Scheerer and Delesse, bolli 
of whom assert that water exists in mechanical combination with all crystalline 
rocks, ‘ its minute molecules being intercalated between the crystals.’ 

Nowadays one would attribute the liquidity of aiiAgueous rock not so nmcb 
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to tlie mechanical action of tlie water present in it as to the combination of tlie 
water witli the mineral contents of the lava, producing a state of solution. 

Sorby’s investigations supported Scrope’s ohservations, for he proved that the 
liquid contained in the inclusions in granite is water, and showed that it was 
caught up during the formation of the crystals, ' and was not introduced subse- 
quent to the consolidation of the rock.’ 

The water now contained in cavities in the beryl was probably held in solu- 
tion by the constituents of that mineral at the time of its formation, and as it 
cooled down the water separated from the substance of the beryl and formed tbe 
cavities in wbich we now find it imprisoned. 

If this be so, it follows that when the beryl crystallised out of the magma, 
the latter was in a fluid condition, and held a considerable amount of heated 
water in solution. The temperature of the magma must have been above that 
of red heat, and the potential energy of the water held in a fluid state by pressure 
must have been great. When therefore in the course of the earth movements 
which accompany- or in some cases are^caiised by the intrusion of eruptive igneous 
masses, pressure was temporarily relieved by the rupture and faulting of rocks, 
the superheated water contained in the magma would he ready to flash into 
steam with almost explosive violence. 

It must also he borne in mind that water under great pressure, at or above a 
red heat, has a powerfully solvent action on most minerals, even on so refractory 
a mineral as quartz. When therefore granite in the molten and fluid condition 
of the Satlej granite was erupted along a line of faulting, fissure, or weakness, 
the superheated water or steam, bearing with it much mineral matter in solution, 
must have acted with great chemical energy on the rocks into which it was 
intruded. 

I have spoken of water carrying mineral matter in solution, and of a maguia 
carrying water in solution. These two conditions may rapidly succeed each other 
under varying conditions of temperature and pressure. To use the words of Van 
Hise, ^ under sufficient pressure and at a high temperature there are all gradations 
between beated waters containing mineral material in solution and a magma con- 
taining water in solution.’ 

The condition of the beryl crystals, crowded as they are with liquid cavities, 
shows how high a proportion of superheated water was contained in the fluid 
granite magma at the time of their formation. 

Sorby estimated that the fluid cavities in the quartz of granites sometimeii 
amount to more than ten thousand millions to the cubic inch. As quartz, how- 
ever, is usually the last mineral of a granite to consolidate, it may be thought that 
the water contained in it is a residuum left by the felspar and muscovite on their 
separation from the magma; but the case of the beryl above quoted shows clearly 
that the amount of water diffused through the magma before the mica, felspar, 
and quartz began to consolidate must have been very considerable. The amount 
of water held in solution by a granite, during the time of its aqueo-igneous fusion, 
cannot be estimated by the amount of water given in the analysis of consolidated 
and dried hand-specimens of that rock. A considerable proportion of this liquid 
must necessarily have been lost during the gradual cooling of the rock, and in the 
course of its intrusion into neighbouring sedimentary strata as sheets, dykes, and 
veins. JSorby, as the result of other lines of investigation, came to the conclusion 
that the amount of water present in granite, though limited, is considerable. 

We must now turn for a few minutes to consider the important question of 
the porosity of minerals, and their permeability by heated water and gas at high 
pressure. 

The fact that solid substances are built up of molecules having interstitial 
spaces between them hardly needs demonstration nowadays. 

But have we all quite realised that the molecules of rock-forming minerals 
and crystals are not inert particles of matter, but that they vibrate or revolve oi 
are endowed with other orderly movement that may be likened to the motion oi 
the planets round the sun ? 

Far, far away in space ^le solar system would to an eye formed like our own, 
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in all probability present a nebulous appearance, because tbe eye would not be 
able to see tbe individual members of our system. 

So, too, the molecules of which crystals are built up may have their ap])ro- 
priate motions, but we cannot see them with the eyes of sense because the mole- 
cules are beyond the highest powers of the microscope. 

"We can, however, I think, perceive them with the eye of the scientific ima- 
gination ; and the hypothesis that the molecules of minerals are separated from 
each other by intermolecular spaces, and have their modes of motion, seems 
essential to the comprehension of rock metamorphism. 

The important experiments of Sir W. Roherts-Austeii on the diffusion of gold 
in pure lead throw considerable light on this subject. 

Disks of solid gold were held against the bases of cylinders of lead by clamps, 
and were hept in an upright position at the ordinary temperature for four years. 
At the end of this time it was found that the gold had difiused upwards in the 
solid lead, for a distance of 7*65 mm., in siiihcient quantity to be detected by the 
ordinary methods adopted by assayers. Traces of gold were found still higher. 

When a column of molten lead, 16 cm. high, was placed above solid gold and 
kept at a mean temperature of 492° 0., that is to say, at 1G6° above the melting 
point of lead, but 569‘7° below that of gold, the gold diffused in considerable 
amount, to the top of the lead column, in a single day. 

Sir W. Roberts- Austen’s experiments, above alluded to, demonstrate that even 
such metals as gold, whose melting point is as high as 1061’7° C., exhibit a 
measurable amount of kinetic energy at the ordinary temperature and pressure. 
Great results may no doubt be brought about at ordinary temperatures and pres- 
sures, when time, as in the laboratory of nature, is practically unlimited ; never- 
theless the importance of high temperature and high pressure, in operations 
connected with metamorphism, can hardly be overrated. 

Not only does a rise in temperature increase the energy of the chemical actions 
and reactions which produce the luineralogical changes embraced by the term 
metamorphisra, hut it iucreases the porosity of minerals and facilitates t he })assagc 
of liquids and gases through their pores. 

The cohesion of molecules is lessened, the amplitudes of their vibrations, 
rotatory or other movements, are increased, and a passage is opened for the advance 
of chemical materials into the heart of the crystal. 

Increase of temperature thus not only throws open the doors of the mineral 
fortress attacked, but gives enhanced energy to tbe invaders. The fact that the 
mineral components of a rock are, under conditions of heat and pressure ]n’nctically 
porous to heated water, laden with chemical reagents in solution, is Irequeiilly 
brought home to the mind of the petrologist in a very tangible way. We some- 
times observe, for instance, that metamorphic changes begin at the heart of a 
crystal, and leave the peripheral portions of it fresh and imaltored. 

In such cases the chemical agents of change have evidently passed freely 
through the outer parts of the crystal, and have by preference selected its internal 
])arta for attack. 

In order to explain clearly how this remarkable result takes place, in thi‘ cases 
referi’ed to, it will be necessary to diverge for a few minutes to eonsidm* another 
hrancli of our subject. It is diDlcult, if not impossible, to lay down any hard-and- 
fast rule of universal a])plication, becaus(‘ the (ionditions under whicli igin^ous 
rocks crystallise vary with temperature, pressure, the relative jiroportion of con- 
stituents, and other local causes, and these variations in the (ronditions may 
materially affect the results ; but I think the rule that minerals crystallise out of 
a molten magma in the order of their basicity is of viuy iVequenl> if not of abso- 
lutely general application. This rule also governs tht^ growtli of individual 
crystals, especially those that exhibit what is known as zonal structure. Take, 
for instance, the felspars of an igneous rock. A gradual ])asHage may frt*qiiently 
be traced by tbe petrologist from one species of IJjlspar at the heart of a crystal 
to another distinct sjtecies at its periphery. Sometimes a. crystal is made up of 
more than two s])ecies, whick shade more or less gradually into each other. In 
accordance with the rule laid down above, the luor;,' basic species formed first; 
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then, as^ tlie percentage of the bases left in the magma gradually decreased, owing 
to the first formed crystals having taken a lion’s share of the available bases, the 
felspars that formed later became gradually more and more acid in composition. 
Thus a large felspp of slow and gradual growth may be composed of several 
zones, each zone being successively less basic and more acid than that upon which 
it crystallised, each successive zone thus possessing slightly dilferent physical 
properties from the one that formed before it. These statements are capable of 
proof When sections of felspar, such as occur in thin slices of igneous rock, are 
exarnined under the microscope in polarised light, petrologists can distinguish one 
species _ from the other — when the direction in which the sections were cut is 
approximately known — by measuring the angles at which they extinguish from 
the twinning or the pinacoidal plane. 

This is not mere theory. Each species of felspar has its own angle of 
extinction and its own index of refraction. The determination of these two 
factors enables a petrologist to prove optically the change in composition ; or, in 
other words, the change in species which has taken place in the successive 
zones, during the gradual growth of a large zonal felspar. 

Another general rule must now be mentioned. I think it may safely be 
asserted as a broad rule, that the different species of felspars are attackable by 
the chemical reagents which make themselves felt in metamorphic action, in the 
order of their basicit;^ ; that is to say, the more basic felspars are more easily 
attacked than^ the acid ones. W^hen we bear in mind the facts stated above, 
we shall, I think, he able to see clearly how it is that the peripheral portions 
of large felspars in igneous racks sometimes escape alteration, whilst the cores 
of these crystals are converted into seconda^ minerals, such as chlorite, silvery 
mica, zoisite, epidote, kaolin, steatite, saussurite, calcite, and scapolite. 

The chemical reagents flowing in solution through the pores of the felspars, 
pass by the more acid and refractory species, and devote their energies to the 
more susceptible basic species entombed at the heart of the zonal crystals. 

The point I wish to enforce most strongly is that the phenomenon above 
described,^ namely, the formation of - secondary metamorphic minerals in the 
interior of a crystal, combined with the comparative immunity to change of the 
external portions, shows that the agents which brought about chemical changes 
at the core of the crystal flowed freely through its unaltered peripheral portions. 

^ Jjiit some may ask whether the chemical agents referred to may not have 
gained access to the heart of a crystal by a crack. I answer that a crack is a 
coarse and tangible object that looms large under the microscope. A crack in a 
mineral liable to metamorphic action, through which chemical reagents have 
flowed, could not escape detection. The finest crack through a homogeneous 
mineral, such as, for instance, an olivine, can he readily seen, not only by the 
small canal worn by the corrosive action of the chemical agents that flowed 
through it, hut by the alteration set up in the mineral along the whole course of 
the canal. 

I have a thin slice from a beautifully fresh olivine contained in one of the lavas 
of Vesuvius collected by myself. A volcanic explosion or other cause, operating 
after the crystallisation of the olivine, produced a very fine crack in the mineral 
through which water, charged with chemical reagents, subsequently flowed. The 
crack, though of microscopic width, is filled with serpentine, and on both 
margins fibrous serpentine has been formed at the expense of the parent olivine, 
and constitutes a fibrous hand on both sides of the crack throughout its entire 
length, the direction of the fibres being at right angles to the crack. 

The rest of the olivine is of virgin purity and polarises in the most brilliant 
colours, contrasting strongly with the serpentine. 

In this case it is clear that the chemical reagents, though free to flow along 
the crack, had commenced to extend beyond its walls, encouraged thereto by the 
porosity of the olivine itself. ^But how different is this case from those in which 
the entrance of the chemical agents had not been facilitated by a crack. In the 
case above described, the chemical changes set up were limited to the borders of 
the crack, and even had j^iey gradually extended in the course of time to the 
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wliole of tlie olivine, the original canal by which the chemical reagents had 
gained access to the crystal would hai/e remained to tell its tale, and exhibit 
along its course the banks of iron oxide thrown down by the chemical navvies 
that had excavated it. 

Cracks save time as roads and canals do, but they leave behind them evidence 
of their former existence. In order to understand fully how rocks and minerals 
are so completely open to the attacks of chemical reagents, which penetrate to and 
produce chemical and mineralogical changes at the very hearts of minerals, 
tve must fully realise how completely porous rocks and minerals are, to the 
heated liquids which carry these reagents with them in solution. Heat, as before 
stated, not only increases chemical energy, but destroys more or less completely 
the cohesion between molecules, and increases the amplitude of the vibrations, 
or other motions of the molecules, and consequently facilitates the entrance of 
liquids and gases into the pores of minerals, and their complete permeation by 
these powerful agents of change. Thus far we have been chiefly concerned with 
some of the principles underlying the branch of our subject embraced by the 
term contaet-metamorphism, which implies operations conducted at considerable 
depths below the surface of the ground, under conditions of heat and pressure. 

We must now consider very briefly changes produced at or near the surface 
hy the agency of water, or, as Bischof in his well-known work termed it, meta- 
morphism in the ^wet way.’ 

Ho hard-and-fast line, however, can he drawn between the two classes of 
operations, as the one gradually shades hy fine gradations into the other. At one 
end of the scale we have high pressure and high temperature, and a iluid igneous 
magma holding water in solution, above a red heat, and giving up heated water 
or vapour charged with salts to the rocks in contact with it. 

Passing to the other end of the scale through diminishing teniperataires and 
pressures, we reach a condition in which the water circulating through the rocks 
at ordinary pressure and temperature is more abundant in amount, and holds 
acids and salts in solution, capable of setting up important chomical reactions in 
the rocks and minerals to which it gains access. 

In the case of surface operations, moreover, the met amorphic agents- -water, 
acids, salts — are being constantly renewed. Conditions diflering a.s widely us the 
conditions at the extreme ends of our scale do not yield, howtn*er, precisely the 
same results. In both metamorphic change goes on with more or less briskness, 
but the products are different. Some minerals require great heat and great 
pressure for their production, and such minerals are never formed by any surface 
process of weathering. Por instance, the temperature reached del ermine's 
whether titanium dioxide crystallises as rutile, or in one of its other two forms, 
rutile requiring a temperature of over 1000° 0., and being the only form of 
titanium dioxide ' stable at a high temperature.’ 

Temperature also seems to determine -whether the silicali'. of alumina crystal- 
lises as andalusite, kyanite, or aillimanite, the two formt'r being transformed into 
the latter, at a temperature of 1320° 0. to 1380° C. 

On the other hand some minerals require little heat for their formation, and 
are readily produced hy metamorphic changes in the Svet way.’ 

There seems to he some correspoiulenet^ betwei'ii the melting ]iioint. of mim’rals 
and their density; thus in the case of eleven minerals produced by contact- 
metamorphism, whose average specific gravity ranges from 3*00 to *k()3, 1 find 
that their melting point ranges from 064° to above 1770° C., high temperature 
and high pressure (a concomitant of pliitonic conditions) appearing to lie factors 
in the production of high specific gravity in minerals. 

The genesis of individual species of minerals is a fascinating study, but the 
subject is too large to enter upon here. 

Water gains access to rocks in several ways. It falls as rain ; it risi's from 
hidden depths ; it leaks from the sea into horizontjil beds or into strata dipping 
away from it ; and it penetrates through faults and fissures. Kain in its descent 
takes up from the air oxygen, nitrogen, carbonic acid, and in some cases small 
amounts of nitric acid. 
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It is thus in itself a powerful solvent and potent agent in producing chemical 
change. 

In its passage through the surface soil it dissolves humic and other organic 
acids, the products of vegetable decay, which add greatly to its solvent power and 
enable it to break up many silicates and to dissolve even silica. 

By the time the rain-water reaches the solid rocks hoiowthe surface soil, it has 
become a very active agent in producing chemical change in them. It is by such 
agents, persistently applied during long periods of time, that large areas of ultra- 
basic igneous rocks have been altered into serpentine. 

Hot springs are a well-known instance of water rising in considerable quantity 
from plutonic depths. They are known to occur in the plains of India, and are 
especially ahundaut in the Himalayas. I visited two very interesting ones at 
Suni, in the bed of the Satlej Eiver, west of Simla. These springs rise apparently 
under the very bed of the river, and come to the surface on both banks within a 
yard or two of the rushing water of the Satlej. When 1 visited the springs they 
had a temperature of ISO® F., and contrasted strongly with the cold water of the 
river flowing past them, which had descended from high Himalayan glaciers and 
had a temperature of 49° F. 

The native inhabitants of neighbouring villages told me that the hot springs 
always appear at the very edge of the river, whatever may be the height of its 
waters during drought or flood. This statement is probably true, for I think the 
springs well up from below through the walls of a fault that traverses the bed of 
the Satlej at a high angle to its course, and the springs thus come to the surface 
on both its banks. 

The metamorphic influence of these springs on the rocks in this locality has 
been very powerful. The ancient volcanic rocks there exposed have, for some 
distance up the river, been altered by aqueous agents almost out of recognition. 
The original structural characters of these lavas have been almost completely 
broken down and an amorphous substance substituted for the crystals and minerals 
of which they were originally composed. 

This result shows that the crystals and minerals of these old lavas must, for 
all practical purposes, have been com.pletely porous to the aqueous agents brought 
to bear on them. 

The general transmutation of one mineral into another by the action of heated 
water holding mineral agents in solution, aided by heat and pressure, may take 
place in a variety of ways. Some of these processes are simple, but others are 
highly complex. Many are the results of a single operation, others of a series of 
changes, some of which prepare the way for those that follow. 

In some cases the change may he brought about by the removal, in whole or 
in part, of one or more of the essential constituents of a mineral, whereby the 
relative proportions and mutual relations of those that remain are altered, as the 
following examples will show. 

By loss of water limonite passes into hsematite, and opal into crystalline 
quart 2 . Byscrasite, by loss of antimony, passes into native silver, and pyroxene, 
by the removal of its lime and iron, is changed into talc. Simple oxidation or the 
absorption of oxygen by a mineral is responsible for another class of changes, aa in 
the conversion of zinc blende into goslarite, and antimony into valentinite. 

The loss of one or more of the ingredients, concurrently with the introduction 
of one or more new ones, causes many metamorphic changes, as in the conversion 
of marcasite into magnetite, of witherite into barite, and of azurite into malachite. 

The well-known conversion of a peridotite into serpentine is a case in point. 
Here, part of the iron and magnesia is removed from the olivine, and water is 
introduced. A simple process like this, brought about by the percolation of surface 
waters through an igneous rock, is sufiicient to transform considerable areas of 
rock masses into serpentine, as has been the case in parts of Cornwall. 

Some metamorphic processes are more complex than those alluded to above, 
but Nature has unlimited time at her disposal, and is able to manufacture potent 
chemical reagents as her processes proceed. For instance, the sulphides of various 
metals of common occurrence in rocks, most of which, with the exception of those 
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of the alkaline metals, are insoluble in water, by talcing up oxygen pass into 
sulphates, most of which are soluble in that liquid at the ordinary temperature. 

These sulphates are readily carried away in solution, and become potent factors 
of change in rocks through which water charged with these salts flows. Again, 
carbon dioxide, so abundant in percolating water, decomposes minerals containing 
lime or alkali, and removes them as soluble carbonates to ellect powerful chemical 
reactions elsewhere. 

I must pass over the subjects of paramorphism and pseudo-morphism, as the 
limited time at my disposal does not permit me to enter upon these subjects. 

In the above sketch I have contented myself with a brief discussion of some of 
the leading principles that seem to me to underlie contact action and meta- 
morphism in the wet way, because I venture to think that, if we really understand 
these two divisions of our inquiry, it will be unnecessnry on the present occasion 
to enlarge on other branches of our subject. 

Take, for instance, what is commonly called dynamic metamorphism. The 
main factors in this kind of metamoi*phism are the folding, crumpling, crushing, 
and shearing of rocks by earth movements, especially during the upheaval of 
mountains. 

But these dynamic forces are potent factors in the developm(mt of heat. 

In the case, therefore, of dynamic metamorphisra, as in contact metamorphism, 
pressure and heat are the main factors acting in conjunction with the water shut 
up in or circulating through a rock. If we understand how these factors operate 
and produce the results we see in cases of contact metamorphism, we shall not 
fail to understand tlieir action in a case of dynamic melamorpliism. 

These observations also apply to regional metamorpliism ; that is to say, to 
metamorphism produced in rocks at great depth, by being brought witliiii the 
influence of the interior heat of the earth. The action of heat in increasing 
molecular motion and kinetic energy is well understood nowadays, and so long 
as we get heat it seems to me immaterial how heat is generated in rocks subject to 
metamorpbic action. 

In the above sketch I have intentionally omitted to enter into the (h^tails of 
chemical and mineralogical action that lias broiiglit about individual cases of 
metamorphic chauge. 

Volumes would be required to do justice to so complex a subject, and the 
details would, in an opening Address, be out of place. 

In coiicliisiou I have, I trust, shown how important a part water plays as an 
agent of metamorphism, not only at and near the surface of the eartll, but at 
plutonic depths. We have seen that the molten granitic of tlu^ Satlej Milley, 
which was given as an illustration of a fluid igneous magma, contained a con- 
siderable proportion of water held in solution at considerably above red heat, and 
that the fluidity of the magma was due to its presence. Wo also saw that the 
great heat to which the magma was raised increased the potential energy of the 
contained wnxter when a relief of pressure opened tlio way for tlu^ intrusion of 
.the molten magma into neighbouring rocks. We also saw that t.his water was 
rendered by heat a powerful solvent, and that it carried with it into tla^ adjoining 
rocks the mineral matter of the granite in solution. We also saw that heat 
increased the porosity of minerals, facilitated the passage of li(|iiid.s laden with 
mineral matter through their pores, and increased the potency of chemical action. 
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The Morphological Method and Progress, 

It is now twenty-eiglit years since tMs Association last assembled in Belfast, and 
to those present who can recall the meeting the proceedings of Section D will he 
best remembered for the delivery of an address by Huxley ^ On the Hypothesis 
that Animals are Automata, and its History,’ one of the finest philosophic pro- 
ducts of his mind. At that date the zoological world were about to embark on a 
period of marked activity. Fired by the influence of the ^ Origin of Species,’ which 
had survived abuse and was taking immediate effect, the zoological mind, accepting 
the doctrine of evolution, had become eager to determine the lines of descent of 
animal forms. Marine observatories were in their infancy ; the ‘ Challenger ’ was 
still at sea ; the study of comparative embryology was but then becoming a 
science ; and when, reflecting on this, we briefly survey the present field, we can 
but stand astonished at the enormity of the task which has been achieved. 

Development has proceeded on every hand. The leavening influence, spreading 
with sure effect, has in due course extended to the Antipodes and the East, in 
each of which portions of the globe there have now arisen a band of earnest 
workers pledged to the investigation of their indigenous fauna, with which they 
are proceeding with might and main. Of the Japanese, let it be said that not only 
have they filled in gaps in our growing knowledge, for which they alone have the 
materials at hand, but that, with an acumen deserving the highest praise, they 
have put us right on first principles. I refer to the fact that they have shown, 
with respect to the embryonic membranes of the common chick, that we in the 
West, with our historic associations, our methods, and our skill, contenting our- 
selves with an ever-recurring restriction to the germinal area, have, by an error 
of orientation, missed an all-important septum, displaced under an inequality of 
growth. 

Those of us who have lived and worked throughout this memorable period 
have had a unique experience, for never has there been progress so rapid, accumu- 
lation of observations so extensive and exact. Of the 386,000 living animal 
species, to compute the estimate low, every one available has been lain under hand, 
with the result that our annual literary output now amounts to close upon 
10,000 contributions, the description of new genera and sub-genera, say 1,700. 
More than one half of this vast series refer to the Insecta alone ; but notwith- 
standing this, the records of facts of structure and development, with which 
most of us are concerned, now amount to a formidable mass, calculated to awe the 
unlettered looker-on, to overwh^m the earnest devotee, unless by specialising he 
can secure relief. As an example of what may occur, it may be remarked that a 
recent exploration of the great African lakes has resulted in the discovery of over 
130 new species, 
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As to tlie natiiie of this unprecedented progress, it will suffice to consider the 
Earthworms. In 1874 few were known to us. An advance in our knowledge, 
which had then commenced, had made known but few more which seemed lilmly to 
yield result. Darwin’s book upon them had not appeared. Sonie were exotic, 
it is true, hut no one suspected that a group so restricted in their habits could 
reveal aught beyond a dull monotony of form and structure. Never was surmise 
more wide of the mark, for the combined investigations of a score of earnest 
workers in all parts of the world have in the inteiwal recorded some 700 odd 
species of about 140 genera. Mainly exotic, they exhibit among themselves a 
steuctural variation of the widest possible range. Not only do we recognise 
littoral and branchiate forms, hut others achsetous and leech-like in habit, to the 
extent of the discovery of a morphological overlap^ with the leeches, under which 
we are now compelled to remove them from their old association with the flat 
worms, and to unite them with the earthworms. And we even find these animals, 
as represented by the Acant'hoAriMm^ coming prominently into considerations 
which involve the theory of a former antarctic continent, one of the most revolu- 
tionary zoo-geographical topics of our time. 

This case of the earthworm may be taken as typical of the rest, since for each 
and every class and order of animal forms, the progress of the period through which 
we have passed since last we assembled here has produced revolutionary results. 
Our knowledge of facts has become materially enhanced ; our classifications, at 
best but the working expression of our ideas, have been to a large extent replaced 
in clearer, more comprehensive schemes ; and we are to-day enabled to deduce, 
with an accuracy proportionate to our increased knowledge of fact, the nature of 
the interrelationships of the living forms which with ourselves inhabit the 
earth. 

Satisfactory as is this result, it must he clearly borne in mind that its realisa- 
tion could not have come about but for a knowledge of the animals of the past ; 
and turning now to palaeontology, it may be said that at the time of our last 
meeting in this city the scientihc world were just becoming entranced, by the 
promise of unexpected results in the exploration of the American Tertiary beds, 
then being first opened up. The Eocl^ Mountain district was the area under 
investigation, and with this, as with the progress in our knowledge of recent 
forms, no one living was prepared for the discoveries which shortly came to pass. 
To consider a concrete case, we may premise that study of the placental 
mammals had justified the conclusion that their ancestors must have had equal 
and pentadactyle limbs, a complete ulna and fibula, a complete clavicle, and a 
skull with forty-four teeth ; must have realised, that is, the predominant term of 
the living Insectivora as generally understood. Who among the zoologists of 
our time does not recall with enthusiasm the revelation which arose from the dis- 
covery, during these early days, in the Eocene of Central North America, of the 
genera at first described as j&o- and Kelohym ? The evidence of the existence, 
in the locality named, of these forty-four toothed peccaries, as they were held to 
be, rendered clearer the records of the later Tertiary deposits of the old world, 
which were those of hogs, and, in correlation with the facts then known, 
suggested that the Rocky Mountain area was the home of the ancestral porcine 
stock, and that in Early Tertiary times their descendants must have migrated, 
on theonehpd, across the northern belt, of which the Aleutian Islands now mark 
the course, into the old world, to beget, by complication of their teeth, tlu^ ])igs 
and hogs j and on the other into Central South America, to give rise, by numerical 
reduction of teeth and toes, to the peccaries, still extant. 

Migration in opposite directions with diversity of modification was the refrain 
of this remarkable find, far-reaching in its morphological and zoo-geographical 
effects. Nor can we allude with less fervour to the still more striking case of the 
horses, which proved not merely a similar, though perhaps a later, migration, hut 
a parallelism of modification^ in both the old a^d new worlds, culminating in tlie 
latter in extinction, whereby it became necessary, on the advent of civilised man, 
to carry hack the old-world horse to its ancestral American home. No womhu' 
that this should have provoked our Huxley to the Remark that in it we have thii 
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‘ demonstrative evidence of the occurrence of evolution/ and that the facts of 
palaeontology came to be regarded as certainly not second to those of the fascinating 
but seductive department of embryology, at the time making giant strides. 

I have endeavoured thus to picture that state of zoological science at the time 
of our last meeting here ; and I wish now to confine myself to some of the broader 
results since achieved on the morphological side. But let us first digress, in order 
to be clear as to the meaning of this phrase. 

We do not expect the public to be accurate in their usage of scientific terms ; 
but it is to me an astounding fact that among trained scientific experts, devotees 
to branches of science other than our own, there exists a gross misunderstanding 
as to the limitations of our departments. I quote from an official report in 
alluding to ^ comparative anatomists, or biologists, as they call themselves,’ and I 
but cite tbe words of an eminent scientific Mend, in referring to biology and 
botany as coequal. In endeavouring to get rid of this prevailing error, let it be 
once more said that the term ‘ biology ’ was introduced at the beginning of the 
nineteenth century by Treviranus and Lamarck, and that in its usage it has come 
to signify two totally distinct things as employed hy our Continental contem- 
poraries and ourselves. By ^ Biologie ’ they imderstand the study of the organism 
in relation to its environment. We, following Huxley, include in our term 
biology tbe study of all phenomena manifested by living matter ; botany and 
zoology ; and by morphology we zoologists mean the study of structure in ail its 
forms, of anatomy, histology, and development, with palaeontology— of all, that is, 
which can be preferably studied in tbe dead state, as distinct from physiology, the 
study of tbe living in action. Comparative morphology, the study of likeness 
and unlikeness, is the basis of our working classifications, and it is to the con- 
sidera tion of the morphological method, and the more salient of its recent results, 
that I would now proceed, in so far as it may be said to have marked progress 
and given precision to our ideas within tbe last eigbt-and-twenty years. I would 
deal in tbe main with facts, with theories only where self-evident, ignoring that 
type of generalisation to which the exclusive study of embryology has lent itself, 
which characterises, but does not grace, a vast portion of our recent zoological 
literature. 

To tbe earnest student of zoology, intent on current advance, tbe mental image 
of tbe interrelationships of tbe greater groups of animal forms is ever changing, 
kaleidoscopically it may be, but with diminishing effect in proportion as our know- 
ledge becomes tbe more precise. 

’ Returning now to American palseontology, we may at once continue our 
theme. In this vast field, expedition after expedition has returned with material 
rich and plentiful; and while, by study of it, our knowledge of every living 
mammalian order, to say tbe least, has been extended, and in some cases revolution- 
ised, we have come to regard the Early Tertiary period as the heyday of the 
mammals, in the sense that tbe present epoch is that of the smaller birds. No 
wonder then that there should have been discovered group after group which has 
become extinct, or evidence that in matters such as tooth-structure there is reason 
to believe that types identical with those of to-day have been previously evolved 
but to disappear. To contemplate the discovery of the Titanotheria, the 
Amhlyopoda, the Dinocerata with their strange diminutive brain, chief among tbe 
heavier ungulate forms, is to consider the Mammalia anew ; and when it is found 
that among late discoveries we have (1) that of a series of Rhinoceratoidea, which 
though not yet known to extend so far back in time as tbe primitive tapirs and 
horses are complete as far as they go ; (2) that among the Ruminants we have, in the 
Oreodontidse of the American Eocene, primitive forms with a dentition of forty- 
four teeth, an absence of diasfcemata, a pentadactyle manus, a tetradactyle pes 
with traces of a hallux, and, as would appear from an example of Mesoreodon, a 
bony clavicle, such as is unknown in any later ungulate, we are aroused to a pitch 
of eager enthusiasm as to the oute(?me of labours now in hand ; for, as I write, 
there reaches me a letter, to the effect that for most of the great vertebrate groups, 
and not tbe mammals alone, collections are still coming in, each more wonderful 
than the last, 
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In the extension of our knowledge of the Ancylopoda, an order of mammals 
named after the AncylotUrium of Pikermi and Samos, which occur in the Early 
Tertiary deposits of Europe, Asia, North America, and abundantly m Patagonia, 
we have been made aware of the existence of genera whose salient structural 
features combine the dentition of an xmgulate with the possession of pointed 
claws, believed to have been retractile like those of the living cats. Conversely 
to these unguiculate herbivores, which include genera with limbs on both the 
artio- and perisso-dactyle lines, there have been found, among the so-called 
Mesonychidm, undoubted primitive carnivores, indications of a type of terminal 
phalanx seal-like and approximately non-imguiculate ; from all of which it is 
clear that we have in the rocks the remains of forms extinct which transpose the 
correlations of tooth and claw deducible from the living orders alone. Further, 
amono- the primitive pentadactyle Carnivora we meet, in the genus Fatriofelis, 
with a reduction of the lower incisors to two, and characters of the fore limb 
which, with this, suggest the seals. It is, however, probable that these characters 
are in no way indicative of direct genetic relationship between the two, for, in- 
asmuch as these animals were accustomed to seek their food in the water of the 
lake by which they dwelt, their seal-like characters may he hut the expression of 
adaptation to a partially aquatic mode of life~of parallelism of modification with 
the seals and nothing more. 

Early in the history of their inquiry, our American confreres recorded from 
the Pliocene the discovery of camel-like forms possessed of a full upper incisor 
dentition; for example, the genera Protolahis and Ithygrammodon \ and now 
they have arrived at the conclusion that while the camels are of American origin 
one of their most characteristic ruminants, the Pronghiick {AntUocap^'d), would 
conversely appear to he the descendant of an ancestor {Blastomeryx) who migrated 
from the old world. 

Sufficient this concerning the work in mammalogy of the American paleon- 
tologists. While we return them our devout and learned admiration, we would 
point out that the brilliance of their discoveries has but beclouded the recognition 
of equally important investigations going on elsewhere. In Argentina there 
have proceeded, side by side with the North American explorations, researches 
into the Pleistocene or Pampa fauna, which in result are not one whit behind, 
as has been proved by the recognition of a whole order of primitive ungulates, 
the Toxodontia, by that of toothed cetaceans with elongated nasals, as in the 
genera Prosqualodon and ArgyrocetvS) and of sperm whales with functional 
premaxillary teeth, viz., Physodon and Hypoeetus, to say nothing of giant 
armadillos and pigmy glyptodons. 

It will he remembered by some present that, from Patagonian deposits of 
supposed Cretaceous age, there was exhibited at our Dover meeting the skull of 
a horned chelonian Mdolaniaf which animal, we were informed, is barely 
distinguishable from the species originally discovered in Cook’s Island, one of the 
Society group, and which, being a marsh turtle highly specialised, would seem 
in all probability to furnish a forcible defence for the theory of the antarctic 
continent. But more than this, the results of renewed investigation of the 
Argentine beds by the members of the Princeton University of North America 
have recently resulted in collections which, we are informed, seem likely to 
surpass all precedent in their hearings upon our current ideas, not the least 
remarkable preliminary announcement being the statement that there occurs 
fossil a mole indistinguishable, so far as is known, from the golden mole 
( ChrysocMoris) of South Africa. 

Before I dismiss this fascinating subject let me disarm the notion, which may 
have arisen, that the palaeontological work of the old world is done. Far from 
it ! Even our American cousins have to come to us for important fossil forms ; 
as, for example, the genus Pliohyrax of Samos and the Egyptian desert, while 
among the rodents and smaller carnivores «there are large collections in our 
national museum waiting to he worked over afresh. 

If one part of the globe more than another is just now the centre of interest 
concerning its vertebrate remains, it is the Egyptian desert. Here there liave 
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recently been found the bones of a huge cetacean associated, as in South America, 
with those of a giant snake, one of the longest known, since it must have 
reached a length of thirty feet. There also occur the remains of other snakes, 
of chelonians of remarkable adaptive type, of crocodilians, fishes, and other 
animals. Interest, however, is greatest concerning the Mammalia, which for 
novelty are quite up to the American standard, as with an upper and a lower 
jaw of an anomalous creature, concerning which we can only at present remark 
that it may be a marsupial, or more probably a carnivore, which has taken on the 
rodent type in a manner peculiarly its own. Important beyond this, however, 
are a series of Eocene forms which more than fill a long-standing gap, viz., that 
of the ancestors of the Elephants and Mastodons, which hitherto stopped short in 
the Middle Mocene of both old and new worlds. As represented by the genus 
Mmrit'h&i'imxj they have three incisors above and two below, of which the second 
is in each case converted into a short hut massive tusk. An upper canine is 
present, and in both upper and lower jaws a series of six cheek-teeth, distinct and 
hunodont in type. In the allied Barytheriwin, of which a large part of the skeleton 
is known, the upper incisors were presumably reduced to two, the tusks enlarged, 
with resemblances in detail to the Dinoceratan type. 

So far as these remains are known, they appear to present in their combined 
characters all that the most ardent evolutionist could desire. There are with 
them Mastodons which simplify our knowledge of this group ; and among the last 
discovered remains Sirenians, which, in presenting a certain similarity to the 
afore-named Mseritherium, strengthen the belief in the proboscidian relationships 
of these aquatic forms. _ Finally, and perhaps most noticeable of all, there is 
the genus Ardnoithermm, a heavy brute with an olfactory vacuity which 
outrivals that of Grypotherium itself, and is surmounted by a monstrous fronto- 
nasal horn, swollen and bifid, for which the most formidable among the Titano- 
theres might yearn in vain. There is an occiput to match 1 The suggestion that 
this extraordinary beast has relationships with the Rhinoceridae is absurd, since 
its tooth pattern alone inverts the order of this type. That it is proboscidian 
may be nearer the mark, and if so it shows once more how subtle were the 
mammals of the past. Great as is this result, much remains to be done or done 
again, if only from the fact that in seeking to determine homologies our American 
brethren, in the opinion of some of us, have placed too much reliance on a so-called 
trituhercular theory of tooth genesis, of which we cannot admit the proof. How, 
we would ask, is it conceivable that a transversely ridged molar of the JDvprotodon 
type can be of trituhercular origin ? 

Sufficient for the moment of palseontological advance, except to remark that 
the zoologist who neglects this branch of morphology misses the one leavening 
influence ; neglects the court on whose ruling arguments deduced from embryo- 
logical data alone must either stand or fall. We may form our own conclusions 
from facts of the order before us ; but it is when we find their influence on the 
master-mind prompting to action, like that of Huxley with his mighty memoir of 
1880, in which he revised our suh-class terms, that we appreciate them to the full. 

With this consideration we pass to the living forms, and I have only time 
in dealing with these to comment on advance which affects our broadest con- 
ceptions and classifications of the past. 

To commence with the Mammalia, we now know that the mammary gland 
when first it appears is in all forms tubular, and that this type is no longer 
distinctive of the Monotremata alone. We know, too, that the intranarial positioii 
of the epiglottis when at rest, long known for certain forms, is a distinction of the 
class. It explains the presence of the velum palatinum, l3y its association with 
the glottis for the restriction of the respiratory passage, the connection being 
lost in man alone, under specialisation of the organ of the voice. 

Similarly, the doubly ossified condition of the coracoid may now be held 
diagnostic, for it is known that the epicoracoidal element, originally thought to 
characterise the monotremes alone, is always present, and that reduction to 
a varying degree characterises the metacoracoid, which retires, as in man, as the 
so-called coracoid epiphysis^. # 
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Our conceptions of tlie interrelationsliips of tlie Marsupialia and Placentalia 
have during’ the period "we are considering been delimited beyond expectation, by 
the discovery of an allantoic placenta in a polyprotodont marsupial, in place of the 
vitelline, present in its allies. When it is remembered that in the formation of the 
placenta of the rahhit and a hat there is realised a ^provisional vitelline stage, it 
is tempting to suggest that the evidence for the direct relationship of the two 
mammalian sub-classes first named overlaps (there being a placental marsupial 
on one hand, a marsupial placental on the other), much as "we have come to 
regard Archceopteryx as an avian reptile, the Odontornithes as reptilian birds. 
These facts, moreover, prove that the type of placenta inherited by the Placentalia 
must have been discoidal, and that from that all others were derived. 

Equally important concerning our knowledge of the Marsupialia is the 
discovery, first made clear by Professor Symington, of this College, that Owen was 
correct in denying them a corpus callosum. How Owen arrived at this conclusion 
it is difficult to conceive ; but in these later days the history of discovery is 
largely that of method ; and it is by the employment of chrome-silver, methylene- 
blue, and other reagents, which in differentiating the fibre-tracts enable us to 
delimit their course, that this conclusion has been proved. By the corpus 
callosum we now understand a series of neo-pallial fibres which transect the 
alveus and are present only in the Placentalia. 

There is no department of mammalogy in which recent work has been more 
luminous than this which concerns the brain ; and, to mention but one result, 
it may be said that in the renewed study of the commissures there has been 
found a fibre-tract characteristic of the Diprotodontia alone, so situated as to 
prove that they and the Placentalia must have specialised' on div^erse lines from a 
polj’protodont stock. Interesting this, the more, since the plialaiigers ^ and 
kangaroos are known to he polyprotodont when young. And when we add the 
discovery that in the detailed relationship of its commissures the brain of the 
Elephant Shrew, a lowly insectivore, alone among that of all Placentalia known 
realises the marsupial state, as does its accessory organ of smell, we have to admit 
the discovery of aunectant conditions just where they should occur. 

The morphological method is sound ! 

The master hand which has given us this result has also reinvestigated the 
Lemurs. From an exhaustive study of the brain or its cast of all species of the 
order, living and extinct, there has come the proof that the distinctive characters 
of the lemiu’oid brain are intelligible only on a knowledge of the pithecoid type ; 
that its structural simplicity in the so-called lower lemurs is due to retrogressive 
change, in some species proved to he ontogenetic ; and that the Tarsier, recently 
claimed to be an insectivore, is a lemur of lemurs. It is impossible to over- 
estimate the importance of this conclusion, which receives confirmation in recent 
palseontological work ; and there is demanded a reinvestigation of those early 
described Tertiary fossil forms placed on the XJngulo-lemuroid border line, as also 
a reconsideration of current views on the evolution of the primates and of man. 

In dismissing the Mammalia, we recall the capture during the period we review 
of three new genera, a fourth, the so-called JSeomyloclon, having proved by its 
skuU to be Gry^potlierium Danoinii, already known. The African Okapi, ;in 
object of sensation beyond its deserts, has found its j3lace at last. To have been 
dubbed a donkey, a zebra, and a primitive hornless giraffe, is distinction indeed ; 
and we cannot refrain from contrasting the nonsensical statement that its 
discovery is ‘ the most important since Archgeopteryx ’ with the truth that it is a 
giraffine, horned for both sexes, annectant between two groups well known. As a 
discovery it does not compare with that of the Mole-marsupial, and it falls into 
insignificance beside that of the South American diprotodont Cmoiedes, the 
survivor of a family which there flourished in Middle Tertiary times. 

Passing to Birds and Reptiles, it will he convenient to consider them together. 
A knowledge of their anatomy has extended onj.ll hands, and in respect t o nothing 
more instructively than, their organs of respiration. Surprise must be expressed 
at the (liscovery, in the chelonian, of a mode of advancing complication of the lung 
suggestive of that of birds. On looking into tl^is, I find that Huxley, who 
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rationalised our . knowledge of tlie avian lung and its sacs^ was aware of tlie 
fact tkat in our common Water-tortoise {Emys orbicularis), the lung is sliarply 
differentiated along the bronchial line into a postero-dorsal more cellular mass, an 
antero-ventral more saccular, of which the posterior vesicle, in its extension and 
bronchial relationships, strangely simulates the so-called abdominal sac of birds. 
He had already instituted comparison with the Crocodiles, and was clearly coming 
to the conclusion that the arrangement in the bird is but the result of extreme 
specialisation of a type common to all Sauropsida with a ^ cellular ’ lung. The 
respiratory process in the bird may be defined as transpulmmary, and it is an 
interesting coincidence that, as I write, there comes to hand a memoir, supporting 
Huxley’s conclusion, and establishing the fact that there is a fundamental principle 
underlying the development and primary differentiation of aU types of vertebrate 
lung. 

The discovery of the Odontornithes in the American Cretaceous is so well 
known, that it is but necessary to remark that nine genera and some twenty species 
are recognised. To Archmpteryx I shall return. Before dismissing the Chelonia, 
however, it must he pointed out that paleontology has definitely clenched their 
supposed relationship to the Plesiosaurs. Of all recent paleontological collections 
there are none ^vhich, for care in collecting and skill in mounting, surpass the 
reptilian remains from the English Jurassic (Oxford Clay) now public in our 
national museum. The Plesiosaurs of this series must he seen to be appreciated, 
and nothing short of a merciful Providence can have interposed, to ensure the 
generic name Cvyptocleidus, which one of them has received, since the hiding of 
the clavicle, its diagnostic character, is an accomplished fact. It is due to 
secondary displacement, under the approximation in the middle line of a pair of 
proscapular lobes, present in the Plesiosauria and Chelonia alone, and until the 
advent of this discovery misinterpreted. Taken in conjunction with other 
characters of little less importance, conspicuously those of the plastron and pelvis, 
this decides the question of affinity, and proves the Chelonia to have had a lowly 
ancestry, as has generally been maintained. 

P^ecent research has fully recorded the facts of development of the rare New 
Zealand reptile Sphmodon, and it has more than justified the conclusion that it is 
the sole survivor of an originally extensive and primitive group, the Bhyncho- 
cephalia, as now understood. To confine our attention to its skeleton, as that 
portion of its body which can alone be compared with both the living and extinct, 
it may he said that positive proof has been for the first time obtained that the 
developing vertebral body of the terrestrial vertebrata passes through a paired 
cartilaginous stage, and that in its details the later development of this body is 
most nearly identical with that of the lower Batrachia. There has long been a 
consensus of opinion that the forw^ard extension of the pterygoids to meet the 
vomers in the middle line, known hitherto in this animal and the crocodiles alone, 
is for the terrestrial Vertebrata a primitive character j and proof of this has been 
obtained by its presence in all the Rhynchocephalia known. The same condi- 
tion has also been found to exist in the Plesiosaurs, the Ichthyosaurs, the 
Pterodactyles, the Bicynodontia, the Dinosaurs, and with modification in some 
Chelonians. It has, moreover, been found in living birds ; a most welcome fact, 
since Archceopteryx, in the possession of a plastron, carries the avian type a stage 
lower than the Dinosaurs. It is pertinent here to remark that, inasmuch as in 
those Dinosaurs (e.g., Compsognatkus) in which the characters of the hind limbs are 
most nearly avian, the pelvis, in respect to 'its pubis, is at the antipodes of that of 
all known birds, and the fore limb is shortened in excess of that of Arckeopteryx 
itself, the long supposed dinosaurian ancestry for birds must be held in abeyance. 

Passing through the Pthynchocephalia to the Batrachia, we have to countenance 
progress most definite in its results. The skull, the limbs and their girdles, are 
chiefly concerned, and this in a very remarkable way. 

In the year 1881 there was known by Professor Froiiep, of Tubingen, the 
discovery that the hypoglossiis nerve of the embryo mammal is possessed of 
dorsal ganglionated roots. Again and again have I heard Huxley insist on the 
fact that the ventral roots of tiiis nerve are serial with the spinal set, but never did 
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he suspect the rest. It is, however, a most intensely interesting fact that, whereas 
hy a Husleian triumph the vertebral theory of the shull was overthrown, in these 
later Huxleian days the proof of the incorporation of a portion of the vertebral 
region of the trunk into the naammalian occiput should have marked the 
succeeding epoch in advance. The existence of twelve pairs of cranial nerve«s 
which all the Amniota possess involves them in this change ; and the fact that in 
all Batrachia there are but ten, enables us to draw a hard-and-fast line between 
hatrachian and amniote series. 

It may he urged, as an objection, that since we have long been familiar with a 
fusion of vertebras and skull in various piscine forms, the force of this distinction 
is weakened. But this cannot he ; since, in respect to the investing sheaths and 
processes of development which lie at the root of the genesis of the vertebral 
skeleton, the fishes stand distinct from the Batrachia and Amniota, which are 
agreed. So forcible is this consideration that it behoves us to express it in 
words, and I have elsewhere proposed to discriminate between the series of 
terrestrial Vertebrata as ardhm- and syn-craniate. 

Similarly there is no proof that any hatrachian, living or extinct (and in this 
I include the Stegocephala as a whole), possesses a costal sternum. So far as their 
development is known, the cartilages in these animals called ' sternal ’ are either 
coracoidal or sui generis. The costal sternum, like the syncraniate skull, is dis- 
tinctive of the Amniota alone. Had the Stegocephala possessed it even in carti- 
lage, there is reason to think it might have been preserved, as it has been in the 
colossal Mososaur Tylosaurus of the American Cretaceous. When to this it is 
added that whereas, in the presence of a costal sternum, the mechanism of inflation 
of the lung involves the body-wall, in its absence it mainly involves the mouth (as 
in all fishes and hatrachians), the hard and sharp line between the Batrachia and 
Amniota may be expressed by the formula that the former are arclioicraniate and 
stomatophysous, the latter syncraniate and somatopliysous. 

There are allied topics which might he considered did our time permit ; hut 
one certain outcome of this is that there is an end to the notion of a hatrachian 
ancestry for the Mammalia. And when, on this basis, we sum up the characters 
demanded of the stock from which the Mammalia have been derived, we find them 
to be precisely those occurring outside the Mammalia in the Anomodont Reptiles 
alone. Beyond the sternum and skull, the chief characters are the possession of 
short and equal pentadactyle limbs, with never more than three phalanges to a 
digit, a complete fibula and clavicle, a doubly ossified coracoid, a heterodont 
dentition — a combination which, wholly or in part, we now associate with the 
Permian genera Procolop]iooi,Pariasaurus, and others which might he named, the 
discovery of which constitutes one of the morphological triumphs of our time. 

Beyond this, it may he added, concerning the Batrachia, that among living 
pedate forms the Aniira have alone retained the pentadactyle state and the com- 
plete maxiUo'jugal arch, and that the Eastern Tylototriton, in the possession of 
the latter, becomes the least modified urodele extant. These facts lead to the 
extraordinary conclusion that the living IJrodela, while of general lowly organisa- 
tion, are one and all aberrant ,■ ^ and it is not the least important sequel to this 
that, despite their total loss of limbs, the Apoda, in the retention of the dermal 
armour and other features which might be stated are the most primitive Batrachia 
that exist. 

The hatrachian phalaugeal formula 22343 was until quite recently a difficulty 
in the determination of the precise zoological position of the class ; hut it has now 
been overcome, by the discovery of a Keraterpeton in the Irish Carhoniferous 
having three phalanges on the second digit of both fore and hind limbs, and by 
that in_ the Permian of Saxony of a moat remarkable creature, Scleroccphalus, 
which, if rightly referred to the Stegocephala, had a head encased, as its name 
implies, in an armature like that of a fish, and the phalangeal formula of a 
reptile, 23464. « ^ 

^ Passing from the Batrachia to the Fishes, we have still to admit a gap, since an 
mterminahle discussion on fingers and fins has not narrowed it in the least. In 
compensation for this, however, we have to record '•within the fish series itself 
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prog-ress greater; perRaps, than with the higher groups. Certainly is this the case 
if, as to hulk, the literature in systematics and palseontology be alone taken into 
account. 

Of the Dipnoi our knowledge is fast becoming complete. We know that 
Lepidodren forms a burrow ; and, in consideration of a former monstrous proposal 
to regard this animal, with its fifty-six pairs of ribs, and Protopteriis, with its 
thirty to thirty-five, as varieties of a species, it is the more interesting to find thtst 
the Congo has lately yielded a JProtopterus (P. DoUoi) with the lepidosireu rib 
formula, viz., fifty-four pairs. 

As a foremost result of American palaeontological research we have to record 
the occurrence, in the Devonian of Ohio, of a series of colossal fishes known as the 
Arthrodira, the supposed dipnoan affinities of which are still a matter of doubt. 

We have evidence that the osseous skeleton in a plate- like form first appeared 
as a protection for the eye of a primitive shark. And coming to recent forms 
having special hearings on the teachings of the rocks, we have to acknowledge 
the capture in the Japanese seas of a couple of ancient sharks, of which one 
{Cladoselachus), since observed to have a distribution extending to the far North, 
is a survivor from Devonian times ; the other (Mitsuhurina), a genus whose gro- 
tesqueness leaves no douht of its identity with the Cretaceous lamnoid Scapano- 
rhynchus. In the elucidation of the Sturiones and the determination of their 
affinities with the ancient Pal^oniscidge a master stroke has been achieved. In 
the Old Eed genus Palceospondylus we have become familiar with an unmistakable 
marsipobrancli, possessing, as do certain living fishes, a notochord, annulated, but 
not vertebrated in the strict sense of the term. The climax in Ichtbyopalas on- 
tology, however, has been reached, in the discovery of Silurian forms, which, there 
is every reason to believe, explain in an unexpected way the hitherto anomalous 
Pteras- and Cephalaspidians, by involving them in a community of ancestry with 
the primitive Elasmohranchs. The genera TJielodus, Drepanaspis, Atelea.pk^ 
and Lanarkia, chief among these annectant and ancestral forms, are among the 
most remarkable vertebrate fossils known. 

Passing to the Recent Fishes alone, the discovery which must take precedence 
is that of the mode of origin of the skeletogenous tissue of their vertebral column. 
The fishes, unlike all the higher Vertehrata, have, when young, a notochord invested 
in a double sheath, there being an inner chordal sheath, an outer cuticular, which 
latter is alone present in all the higher groups. The skeletogenous cells, by whose 
activity the cartilaginous vertebral skeleton is formed, arise outside these sheaths ; 
bat whereas, when proliferating, they in one series remain outside, they in the 
other, by the rupture of the cuticular sheath, invade the chordal. This distinction 
enables us to discriminate between a Chordal sej’fes, which embraces the Ohimse- 
roids, Elasmohranchs, and Dipnoi, and a Periehordal, consisting of the Teleosts, 
Ganoids, and Cyclostomes. 

In consideration of the enormity of the structural gap between the cyclostomes 
and the higher Vertehrata this is an extraordinary result. For he it remembered 
that, in addition to their well-known characters, the lampreys and hags (1) in 
the total absence of paired fins; (2) in the presence of hranchise, ordinarily seven in 
number, fourteen in Bdellostoma polyti'emaj, numerically variable in individuals 
of certain species between six and fourteen, and doubtfully asserted in the young 
of one to he originally thirty-five ; and (3) in the carrying up of their oral hypo- 
pophysis by the nasal organ, whereby it perforates the cranium from above, as 
contrasted with all the higher Vertehrata, in which, carried in with the mouth-sac, 
it perforates it from beneath, exhibit morphological characters of an extra- 
ordinary kind. And if we are to express these characters in terms, we may dis- 
tinguish the Cyclostomes as apterygial and epicraniate, the higher Vertehrata as 
hypocraniate} But this notwithstanding, the aforementioned subdivision of the 

^ It is an interesting circumstance, if their ‘ciliated sac ’ is rightly homologised, 
that Ampliioxiis and the Tunioata present a corresponding dissimilarity, allowance 
being made for the fact that in Boto'yllm, GoodsiHa, and Polyoarpa the sac overlies 
the ganglion. It is pertinent here to recall the ammocoete-like condition of the 
‘ endostyle ’ in Oiliopleura 
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Pisces into two series, whicii would associate the teleosts and ganoids with the 


cyclostomes, as distinct from the 
head-kidney hy a Japanese, who 


5t, receives support from recent study of the 
b to show that the organ so called in the 
Elasmohranchs is of a late-formed type peculiar to itself ; and it is also in agreement 
with one set of conclusions previously deduced from the study of the reproductive 
organs. 

To deal further with the fishes is impossible in this Address, except to remark 
that recent discovery in the Gambia that the young of the Teleostean genera 
EeferoHs and Gymnarchm hear filamentous external gills, renders significant 
beyond expectation the alleged presence of these among the loaches, and shows 
that adaptive organs of this type axe valueless as criteria of affinity. 

In paleontology, as in recent anatomy, our records of detail have increased 
beyond precedent, often but to show how deficient in knowledge we are, how 
contradictory are our theories and facts. 

^ In dismissing the fishes, I wish to comment upon our accepted terms of 
orientation. To speak of the median fins as dorsal, caudal, and anal, of the pelvic 
as ventral, and of the pectoral in its varying degrees of forward translocation as 
abdominal or thoracic, though a convention of the past, is to-day inaccurate and 
absurd. I question if the time has not come at which the terms thoracic (pulmo- 
cardiac) and abdominal are intolerable, as expressing either the subdivisions of the 
body-cavity or anything else, outside the Mammalia, which alone possess a dia- 
phragm. Even in the birds, to grant the utmost, the subdivision of the coelom 
if accurately described, must be into pulmonary, hyper-pulmonary, and cardio- 
abdominal chambers ; while with the reptiles the modes of subdivision are so com- 
plex that a special terminology is necessary for each of the several types extant. 

In the fishes, where the pericardium is alone shut off, the retention of the 
mammaliam terms but hampers progress. This was indeed felt by Dum^ril, when 
in 1865 he attempted a revisionary scheme. Since, however, one less fantastic 
than his seems desirable, I would' propose that for the future- the ‘anal ’fin he 
termed ventral^ the ‘ ventral ’ pelvic ; and that for the several positions of the 
pelvic, that immediately in front of the vent, primitive and embryonic (which is 
the position for the Elasmohranchs, Sturiones, Lower Siluroids, and all the higher 
Vertebrata), be termed the so-called ‘ abdominal ’ pro~proctal, the so-called 

thoracic ^jugular (in that it denotes association with the area of the ‘ collar-bone’), 
and the so-called ‘jugular’ mental. The necessity for this becomes the more 
desmable, now that it is known that a group of Cretaceous fishes (the Oteno- 
thrissidffi), hitherto regarded as Berycoids, are in reality of clupcoid affinity, 
despite the fact that at this early geologic period they had translocated their pelvic 
lin into the jugular (‘ thoracic ’) position. 

The sum of our Imowledge acquired during the last twenty-eight years proves to 
us that, among the bony fishes, the structural combination which would give us a 
premaxill^maxillary gape dentigerous throughout, a proctal pelvic fin, a heart 
with conal calves, would he the lowest and most primitive. Inasmuch as this 
character of the heart, so far as at present known, exists only among the Olupesoces 
(piiies and herrings and their immediate allies), these must he regarded as lowly 
lorms ; wherefore it follows that the possession of but a single dorsal fin is not, 
as might appear, a necessary index of a highly modified state. 

Before I dismiss the vertebrates, a word or two upon a recent result of 
morphological inquiry which concerns them as a whole. I refer to the develop- 
ment of the skull. Up to 1878 it was everywhere thought and taught that the 
cartilaginous siiull was a compound of paired elements, known as the trabecidai 
^anii and parachordals, and that the former contributed the cranial wall. 

the study of the cranial nerves of fishes, had reiterated the 
made m 1864, when dealing with the skull alone, that the trabeculie 
of pr^-oral visceral arches, serial with those which support the 
S w«^ lay with t|ie Sturgeon, in which in 1878 

weT inm the cranial wall is originally distinct. And later, when the facts 
studied in sharks, batracbians, reptiles, and birds, it became 
evident that the trabecula, though ultimately associated with the cranial wall, 



TRANSACTIONS OF SECTION D. 


11 


take no share in its formation, and that when first they appear they are disposed 
at right angles to the parachordals and the axis, serially with the visceral arches 
behind. Huxley was right ; and although this consideration by no means exhausts 
the category of independent cartilages now known to contribute to the formation 
of the skull, it proves that the cartilaginous cranium, like the bony one, which in 
the higher vertebrate forms replaces it, is in its essence compound. 

I now pass to the Invertebrata. Of the Oligochseta and Leeches I have spoken, 
and we may next consider the Arthropods. Of the Insecta, our knowledge has 
gained precision, by the conclusion that the primitive number of their Malpighian 
tubes is six, and by the study of development of these in the American cockroach 
JDoryphoraj which has rendered it probable they may be modified nephridia, carried 
in as are those of some oligochsetes with the proctodeal invagination. An apparent 
cervical placenta has been discovered in the orthopteran Hemimerus, which would 
seem to suggest homology with the so-called ‘ trophic vesicle ’ of the Peripatoids, 
as exemplified by P. NovcB-Britannica. In this same orthopteran there have been 
recognised, in secondary proximity to the ‘ lingua,’ reduced maxillulae, which, fully 
developed and interposed between the mandible and first maxilla, in Japyx, 
MachiliSj Forjkula, and the Bpkemei'a larva, give us a fifth constituent for the 
insectan head. And when it is found that all the abdominal segments of the 
common cockroach, when young, are said to hear appendages, of which the cerci 
are the hindermost, we have a series of facts which revolutionise our ideas. 
Little less striking is the discovery that in the caterpillar of the bombycine 
genera Lagoa and Chrysopyga seven pairs of pro-legs occur. 

The fuller study of the apertures of the tracheate body has resulted in the 
discovery that the Ohilopoda are more nearly related to the Hexapoda than to the 
Diplopods ; wherefore it is proposed to reclassify the Tracheata, in accordance 
with the position of the genital orifice, into Pro- and Opistho-gonata. In a word 
the ^ Myriapoda,’ if a natural group, are diphyletic. 

Our knowledge of the Peripatoids (Arthropoda malacopoda) has increased in 
all that concerns distribution and structure. They are now known, for example, 
from Africa, the West Indies, Australia, and New Zealand, and for examples 
from the two latter localities and Tasmania the generic name Ooperipatus has hut 
lately been proposed, to include three species, characterised by the possession of an 
ovipositor, of which two have been observed to lay eggs. 

Work upon the Crustacea in our own land, notorious for the tendencies of 
some of its devotees in their stickling for priority, has within the last twelve years 
advanced beyond all expectation. Much of our literature has been systematised, and 
an enormous increase in our knowledge of new forms has to be admitted, thanks 
to memoirs such as those of the ‘ Investigator,’ ‘ Naples Zoological Station,’ and 
others which might be named j while in the discovery and successful monograph- 
ing, in the intervals of six years’ labour at other groups, of a new family of 
minute Oopepods (the Choniostomatidse), parasitic on the Malacostraca, em- 
bracing forty-three species, difficult to find, we have an almost unique achieve- 
ment. The hand which gave us this has also provided a report which embraces 
the description of a nauplius of exceptional type, which, by a process of reasoning 
by elimination, masterly in its method, has been ^ run to ground ’ as in every 
degree of probability the larva of Darwin’s apodal barnacle Protolepas hwinota, 
of which only the original specimen is known. 

There is hut one other crustacean record equal in rank with this, viz., the 
discovery of the genus Anaspides. Originally obtained from a fresh-water pool 
on Mount Wellington, Tasmania, at 4,000 feet, it has since been found in two 
other localities. It is unique among all living forms, in combining within 
itself characters of at least three distinct sub-orders of ‘'prawns,’ for with a 
schizopod body it combines the double epipodial lamelise of an amphipod, the 
head of a decapod (pedunculated eyes and antennulary statocysts) apart from 
characters peculiarly its own. ^ There is reason to believe that the nearest living 
ally to this remarkable creature is a small eyeless species {Bathynella natana) 
obtained from a Bohemian well ; and if its presumed relationships to the Palaeozoic 
^pod-shrimps’ he correct,# this heterogeneous assemblage may perhaps be 
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tlie representatives of a group of primitive Malacostraca, tliroiigli which, by 
structural divergence, the establishment of the higher crustacean sub -orders may 
have come about. 

It is pertinent to this to note that work upon cave-dwelling and terrestrial 
forms, upon ^ well-shrimps ’ and the like, has produced important results. And 
interesting indeed is the recent discovery of three species, living at 800-900 feet 
above sea-level, in Gippsland, one an amphipod, two of them isopods, which, though 
surface-dwellers, are all blind. "V^Tiile they prove to be species of genera normally 
eyed, they in their characters agree with well-known American forms ; and the 
bleaching of their bodies and atrophy of their eyes proclaim them the descendants 
of cave-dwelling or subterranean ancestors, among whom the atrophy took place. 

Huxley in 1880 rationalised our treatment of the higher Crustacea, by 
devising a classification by gills, expressive of the relationships of these to the 
limh-bases, interarticiilar membranes, and body-wall. Hardly had his influence 
taken effect when, by work extending over the years 1886 to 1893, in the study 
of Penffius, the Phyllopods, Ostracods, and other forms, evidence had ^ been 
accumulating to show that the crustacean appendage, even to the mandible itself, 
has primarily a basal constituent (protopodite) of three segments ; that the 
hranchim one and all are originally appendicular in origin ; and that the numerical 
reduction of the basal (protopoditic) segments to two, with the assumption of a 
non- appendicular relationship by the gills, is due to coalescence of parts, with or 
without suppression. The evidence for this epoch-making conclusion, which 
simplifies our conceptions and brings contradictory data into line, is as irresistible 
as it is important, and there has been nothing finer in the whole history of 
crustacean morphology. With it, the attempt to explain the supposed anomalous 
characters of the autennule by appeal to embryology goes to the wall ; and, taking 
a deep breath, we view the Crustacea in a new light. 

There remains for brief consideration one carcinological discovery second to 
none which bear on the significance of larval forms. It is that of the Trilobite 
Triarthrus Becki, obtained in abundance from the Lower Silurian near New 
York, with all its limbs preserved. In the simplicity of its segmentation and the 
hiramous condition of itv limbs it is primitive to a degree. Chief among its 
characters are the total absence of jaws in the strict sense of the term, and the 
fact that of its three anterior pairs of appendages the third is certainly and the 
second is apparently hiramous, the first iiniramous and anteimiform. In this we 
have a combination of characters known only in the naupliiis larva among all 
living crustacean forms ; and the conclusion that the adult trilobite, like tha,t of the 
Eupbausiacea, Sergestidos, Penmidse, the Ostracods, and Cirripedes of to-day, was 
derived by direct expansion of the nauplius larva can hardly be doubted. Much 
yet remains to he done with the study of the Triarthrus limbs ; and the suggestion 
of a foliaceous condition by those of the pygidiiim, which are the youngest, is a 
remarkable fact, the meaning of which the future must decide. We should expect 
the condition to he a provisional one, since while we admit the primitive nature of 
the phyllopods as an Order, we cannot regard the foliation of their appendages as 
anything but a specialisation. Be this as it may, the structural community 
betvreen the nauplius larva and the trilobite is now" proved ; and when we add that 
in the yolk-bearing higher Crustacean types (e.g.,AstaGus) a perceptible halt in the 
development may be observed at the three-limib-beariug stage ; that iu the 

vitelline membrane is shed but to make way for a nauplius cuticle ; and that the 
median nauplius eye has long been found sessile on the adult brain of represen- 
tative members of the higher crustacean groups, up to the lobster itself, our 
belief in the ancestral significance of the nauplius larval form is est;iblished 
beyond doubt. 

The thought of the nauplius suggests other larval forms. The gastrula is no 
longer accepted without reserve; the claims of the blastiila, phiiiula, part'ueliy- 
mella, not to say the plakula, have all to he borne in mind. It is ol’ the 
Trochophore, however, as familiar as the nauplius, that I wnuld rather apeak', as 
influenced by recent research. It is supposed to be primitive for the moUusca arid 
chffltopod worms at least; and various attempts have Jreen made to bolster il. ap^ 
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and to show that if we allow for adaptive change, its characters, well known, 
are constant within the limits of its simpler forms. 

It is now more than forty years ago that the late Lacaze-Duthiers described 
for Bentalium a larval stage, characterised by the possession of recurrently 
ciliated zones, which by reduction, with union and translocation forwards, give 
rise to the trochal lobe. It is now known that in the American pelecypod 
Yoldia Umatida a similar stage is found, in which a ^test,’ of five rows of 
ciliated cells, is present ; and of the young of Londevsia hanyulensis the like is true. 
But whereas in the Yoldia the ciliated sac is ultimately shed, in the Myzomenian 
the escape of the embryo is accompanied by rupture, which liberates the 
anterior series of ciliated zones in a manner strongly suggestive of forward con- 
centration, leaving the posterior circlet with its cilia attached. 

This ^ test ’ has also been seen in two species of Nucula, and pending fuller inquiry 
into the Myzomenian and a reinvestigation of Dentalium, I would suggest that 
this recurrently ciliated sac is representative of a larval stage antecedent to the 
trochophore, for which the term protroehal may suffice. This term has indeed 
been already applied to a larva of certam Polychseta, which might well represent 
a modification of that for which I am arguing ; and quite recently it appears to 
have been observed near Ceylon for a species of the genus Marphysa. 

The discovery of this larva in Bonder sia was accompanied by that of a later- 
formed series of dorsal spicular plates, which for once and for all, in realising 
a chitonid stage, demolish the heresy of the ‘ Solenogastres,’ mischievous as 
suggesting an affinity with the worms. Like that of the supposed cephalopod 
affinities of the so-called ‘ Pteropods,’ it must be ignored as an error of the past. 

Returning to the protroehal stage, whatever the future may reveal concerning 
it, by bringing together the Lamellibranchiata, Scaphopoda, and Polyplacophora, 
it associates in one natural series all the bilaterally symmetrical Mollusca 
except the cephalopods. In doing this, it deals the death-blow to the supposed 
Rhipidoglossan affinity of the Lamellibranchiata; and in support of this con- 
clusion I would point out that the recently discovered eyes of the mytilids are 
in the position of those of the embryo Chiton, and that just as Bentalium, in 
the formation of its mantle, passes through a lamellibranchiate stage, so are there 
lamellibranchs in number in which a tubular investment is found. 

This protroehal larva has an important part to play. It may very possibly 
explain phenomena such as the compound nature of the trochal lobe of the 
limpet, the presence of a post oral ciliated band in the larva of the ship-worm, 
and of a prse-anal one in that of various moUuscan forms. In view of it, we 
must hesitate before we fully accept the belief in the ancestral significance of 
the trochophore. And it is certain that an idea, at one time entertained, that the 
Rotifer {Trochosphmra) which so closely resembles it as to bear its name, is its 
persistent representative, is wrong, since this is now known to be but the female 
of a species having a very ordinary male. 

Through the Rhipidoglossa we pass to the Gastropods, wffiich are one and all 
asymmetrical, for even Fismrella, Patella, and Boris, when young, develop a 
spiral shell ; while Huxley in 1877 had observed that the shell of Aplysia, in its 
asymmetry, betrays its spiral source. 

The notion, which until recently prevailed, that among these gastropods the 
lion-twisted or so-called euthyneurous condition of the visceral nerve-cords, as 
exemplified by the Opisthobranchs, is a direct derivative of that of the Chitons 
have been proved to be erroneous, since the nerves in Actceon and Chilina, like 
those of the prosobranchs, are twisted or streptoneurous. And as to the torsion of 
the gastropod body, recent research, in which one of my pupils has played a part, 
involving the discovery of paired reno-pericardial apertures in Haliotis, Patella, 
and TroeJms, has resulted in proof that the dextral toision which leads to the 
monotocardiac condition, does not uniformly affect all organs lying primitively to 
the left of the rectum, as we h^Lve been taught ; since, concerning the renal organs, it 
is the prwiitively (pretorsional) left one which remains as the functional kidney, its 
ostium as the genital aperture. Nor is the primitively right kidney necessarily lost, 
for while its ostiimi remains as the renal orifice, its body, by modification and 
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reduction, may become an appendage of tbe functional bidney, tlie^ so-called 
nephridial gland. And we now know there are cases of sinistral torsion of the 
visceral hump, in which the order of suppression of the organs is not reversed, 
the arrangement being one of adaptation of' a dextral organisation to a sinistral 
shell. 

Though thus specialised and asymmetrical as a group, the gastropods are yet 
plastic to an unexpected degree. Madagascar has yielded a Physa (P. lamellata) 
with a neomorphic gill, a character shared hy species of Planorhis (P. corneus and 
P. marginatus)^ and an Anoylus in which the lung-sac is suppressed ; ^ while 
St, Thomas’s Island has given us a snail {Thyro'pliorella ThomensiB), the peristome 
of whose shell is produced into a protective lid. 

In palseontology, history records the fact that in 1864 Huxley observed that the 
genus Bekmmtes appears to have borne but six free arms ; a startling discovery 
which lay dormant till the present year. And the recent study of the fauna of the 
great African lakes, in bringing to light the existence of a halolimnic molluscan 
series in Lake Tanganyika, has opened up new possibilities concerning the palicon- 
tological resources of enormous aqueous deposits, recently discovered in the 
interior, and has entirely changed our geological conceptions of the nature of 
Equatorial Africa. 

Time prevents my dealing with other groups, and it must suffice to say that 
with those I have not considered substantial work has been done. From what 
has been said, it is natural to expect that in some direction or another so vast au 
accumulation of facts must have extended the Darwinian teaching ; ^ and it is now 
quite clear that this has been the case with the two post-Darwinian principles 
known as ‘ Substitution ’ and Isomorphism or ^ Convergence.’ 

The former may he exemplified by nothing better than the case of the Uays 
and Skates, in which, under the usurpation of the propelling function of the tail by 
the expanded pectoral fins, the tail, free to modify, becomes in one species a 
lengthy whiplash, in another a vestigial stump, in others, by the development of 
powerful spines, a formidable organ of defence. In both the Itays and certain 
other fishes subject to the working of this law, modification, goes further still, in 
the appearance of electric organs in remotely related genera and species, hy 
specialisation of the muscular system of the trunk or tail, or, as in the case of 
Malapterums, of ‘ tegumental glands.’ In this we have a difficulty admitted hy 
Darwin himself, which now becomes clear and intelligible, since there is notJiing 
new. There has simply come about the conversion, in one case of the energy oi‘ 
muscular contraction, in the other of glandular secretion, into that of electrical 
discharge, with accompanying structural change. The blind locust {Bachyraniina 
fuscife}') of the New Zealand Limestone caves presents an allied case, since here, 
under the reduction of the eye, the antennae, elongated to a remarkable degree, 
have become the more efficiently tactile ; and it is an interesting question whether 
this principle may not explain the attenuation of the limbs in tlio recently dis- 
covered American Proteoid {Typliloimlga Eatkburni) of the Texan subterranean 
waters. 

And as to isomorphism, by which we mean the assumption of a similar 
structural state by members of diverse or independent groups, I would recall the 
case of the Eocene Oreodont Patnofelia and the Seals, and that of the Myriapods 
to which I have already alluded, and would cite that of the Dinosaurs and Birds, 
heterodox though it may appear, for reasons I have given. 

As our knowledge increases, there is every reason to believe that, in the non- 
appreciation of these principles in the past, not a few of our classifications arc 
wrong. We have even had our bogies, as, for example, the so-called Physemaria, 
which deceived the very elect; and before I close I wish to deal brietiy with a 
question of serious doubt, which these considerations suggest. 

It is that pf the position in the zoological series of the Limuloids, popularly 
termed the King Crabs. These creatures, best know^j from tlie opposite shores of 
the Northern Pacific, but found in the oriental seas as well as far south as Torres 
Strait, have been since 1829 the subject of a diflerence of opinion as to their 
zoological position and affinities. Within the last twenty years there have been 
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three determined advances upon them, and of these the third and most recent 
may he first discussed. It has for its object the attempt to prove that they are 
intimately associated with the cephalaspidian and other shield-bearing fishes of 
the Devonian and Silmdan epochs, and that through them they are ancestral 
to the Vertebrata. The latest phase of this idea is based on the supposed 
existence in a Cephalaspis of a series of twenty-five to thirty lateral appendages 
of arthropod type. When, however, it is found that the would-be limbs are 
but the edges of body-scutes misinterpreted, suspicion is aroused ; and when, 
working back from this, an earlier attempt reveals the fact that the author, 
compelled to find trabeculse, in order to force a presupposed comparison between 
the architecture of the Cephalaspidian head-shield and the Limulus’ prosomal hood, 
resorts to a comparison between the structure of the former in general and that of 
the cornu of the latter, with details which on the piscine side are not to date, the 
argument must be condemned. It violates the first principles of comparative 
morphology, and is revolting to common sense ; and as to the fishes concerned, 
we know that they have nothing whatever to do with the Limuloids, for we 
have already seen that, with their allies the Pteraspidise, they are a lateral branch 
of the ancestral piscine stem. 

The second advance upon the king crabs has very much in common with the 
first. It has engrossed the attention of an eminent physiologist for the last six or 
seven years, and by him it was in detail set before Section I at our meeting of 1896. 
Suffice it to say that it specially aims at establishing a structural community 
between the king crabs and certain vertebrates, favourable to the conviction that 
the Vertebrata have had an arthropod ancestry. When we critically survey 
the appalling accumulation of w’ords begotten of this task, it is sufficient to con- 
sider its opening and closing phases. At the outset, under the conclusion that 
the vertebrate nervous axis is the metamorphosed alimentary canal of the arthropod 
ancestor, the necessity for finding a digestive gland is mainly met by bcmologising 
the so-called liver of the arthropod with the cellular arachnoid of the larval 
lamprey, in violation of the first principles of comparative histology! At the 
close we find ingenious attempts to homologise nerve tracts and commissures 
related to the organs of sense, such as are invariably present wherever such 
organs occur. Sufficient this to show that the comparison, in respect to its leading 
features, is in the opening case strained to an unnatural degree, in the closing case 
no comparison at all. Finding, as we do, that the rest of the work is on a par 
with this, we are compelled to reject the main conclusion as unnatural and 
unsound ; and when we seek the explanation of this remarkable course of action, 
we are forced to believe that it lies in the failure to understand the nature of the 
morphological method. For the proper pursuit of comparative morphology, it 
is not sufficient that any two organisms chosen here and there should be com- 
pared, with total disregard of even elementary principles. Comparison should 
be first close and with nearly related forms, passing later into larger groups, with 
the progressive elimination of those characters which are found to be least 
constant. And necessary is it, above all things, that in instituting comparison it 
should be first ascertained what it is that constitutes a crustacean a crustacean, a 
marsipobranch a cyclostome, and so on for the rest. We have tried to accept this 
theory, fascinated both by the arguments employed and by the idea itself, which 
for ingenuity it would be difficult to beat, but we cannot ; and we dismiss it as 
misleading, as a fallacy, begotten of a misconception of the nature of the morpho- 
logical method of research. It is of the order of events which led Owen to 
compare a ceplialopod and a vertebrate, led Lacaze-Duthiers to regard the Tunicata 
and Lamellibranchs as allied; and with these and other heresies it must be 
denounced. 

Passing to the third advance, extending over the last twenty years, it may be 
said to consist in the revival of a theory of 1829, which boldly asserts that 
Limulus is an Arachnid. Jn the development of the defence there have been 
two weak points but lately strengthened, viz., the insufficient consideration of 
the palseontological side of the question and of the presence of tracliese among the 
Arachnida. Under tbe^brmer there was, until recently, assumed the absence of 
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tlie first pair of appendages in the Eurypterida ; hut it may he said that they have 
since ^heen observed m Euryptet'us Fis(iieri of the Russian Silurian, and E. scoticus 
from the Pentland Hills, in both of which they consist of small chelate appendages 
flexed and limuloid in detail, somewhat reduced perhaps, and enclosed by the 
bases of the succeeding limbs, which become apposed as the anterior end is reached. 
Since by this discovery the Limuloids, Eurypterids, and Scorpionids are brought 
into a numerical harmony of limb-bearing parts, we may at once proceed to 
other points at issue. So far as the broader structural plan of Limulus and the 
Scorpion are concerned, all will agree to a general community, except for the 
organs of respiration ; hut concerning the coelom, the mobile spermatozoa, and the 
more detailed features under which Limulus is held to differ from the Crustacea and 
to resemble the Arachnida, I would remark that while motile spermatozoa are 
characteristic of the Cirripedes, the rest of the argument is weakened, by the 
probability that the ^ arachnidan ’ characters which remain may well have been 
possessed by the crustacean ancestors, and that Limulus, though specialised, being still 
an ancient form, might have retained them. The difficulty does not seem to me 
to lie in this, nor with the excretory organs, if we are justified in accepting the 
aforementioned argument that the so-called Malpighian tubes may be inturned 
nephridia, ectodermal in origin, and in knowledge of the existence of endodermal 
excretory diverticula in the Amphipods. These facts w^ould seem to suggest that 
as our' experience widens, differences of this kind will disai)pear. 

As to the tracheal system, now adequately recognised by the upholders of 
the arachnid theory, the presumed origin of trachea from lung-books, the 
probability that the ram’s-horn organ of the Ohernetidte may be tracheal, the 
presence of tracheae in a simple form in the Aeari, and, by way of an anomaly, in 
a highly ^organised form on the tibi® of the walldng legs of the harvestmen 
(Rhalaugidffl), are all features to be borne in mind. While I am prepared to 
admit that this wide structural range and varied distribution of the tracheae lessens 
their importance as a criterion of affinity, I cannot accept as conclusive the 
evidence for the assumed homology between lung-books and gills. And liere it 
may be remarked that a series of paired abdominal vesicles, recently found in the 
remarkable arachnid Kmienia, invagmate as a rule but in one example everted, 
seized upon in defence of this homology, have not been so regarded by those most 
competent to judge. 

There remains the entosternite, an organ upon which much emphasis has been 
placed. Not only does a similar organ exist, apart from an endophragmal system, 
m Apus^ Cyclops, some Ostracods and Decapods; hut, regarding the question of 
its histology, it may be pointed out that from all that is at present known, the 
structural differences between these several entosternites do not exceed those 
between the cartilages of the Sepia body. And when it is found that the fio»ures 
and descriptions of the entosternite of Mygale Mygale sp.,’ ^ Mygalomorplious 
bpider, auct.) have been thrice presented upside down ! the reliabilitv of this 
portion of the argument is lessened, to say the least. 

_ Recent observation has sought to clench the homology of the four posterior 
pairs of Imbs of the King crab and Scorpion, by appeal to a furrow on the fourth 
segment m the forrner, believed to denote an original division into two ; buti 1 
hesitate to accept this until myological proof has been sought. 

Returning, amidst so much that is problematic, to the® ure ground of palmun- 
tology, I wish to point out that when all is considered in favour of the arachnid 
theory there still remains another way of interpreting the facts. 

In both Limulus and the Scorpion the first six of the eighteen segments ju’e 
well known to be fused into a prosoma bearing the limbs, but while in the Scorpion 
the remaining twelve are free, m Limulus they are united into a compact opistho- 
^mal mass. In dealing with the Hving arthropods, there is no character deter- 
minative of position in the scale of this or that series more trustworthy than the 
antero-postenor fusion of seginents It has been called the process of ^ cephalisa- 
tion, and the degree of its backward extension furnishes the most reliable standard 
t assemblage of forms. In passing from the lower 

to the higher Crustacea, we find this fusion increasing as we /iscend : and it therefore 
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becomes necessary to compare the Scorpion with the other Arachnida, Limulus 
with the Eurypterida, in order the better to determine the position of each in its 
respective series, by the application of this rule. 

As to the number of segments present, variation is a matter of small concern, 
in consideration of the mode of origin of segmentation and the wide numerical 
range — ^from seven in the Ostracods to more than sixty in Apus — the segments of 
the crustacean class present. 

On the arachnidan side, in the Solifugse but the third and fourth segments are 
fused ; the remaining four of the prosomal series with the ten which remain are 
free. In Kcenenia four of the prosomal segments alone unite ; the fifth and sixth 
with the rest are free. And when we pass to the Limuloids and the descending 
series of their allies, we find it distinctive of the Eurypterida that all the opistho- 
somal segments are free. If we can trust these comparisons, we must conclude 
that the Eurypterida of the past, in respect to their segmentation, simplify the 
Limuloid type, on lines similar to that on which the Solifugse and Kosnenia 
simplify the Higher Arachnid and Scorpionid type, and that therefore if the degree 
of antero-posterior fusion of segments has the significance attached to it, Limulus 
and Scorpio must each stand at the summit of its respective series. If this be 
admitted, it has next to be asked if, m comparing them, we may not be comparing 
culminating types, which might weE be isomorphic. 

The scorpions are known fossil by two genera, Palmphonus and Froscorpius^ 
from the Silurian of Gotland and Lanarkshire, the Pentland Hills, and New York 
State; while recent research, in the discovery of the genus Strahop$,)i 2 iB traced the 
Eurypterida back to the Cambrian, leaving the scorpions far behind. One striking 
feature of the limbs of the Palaeozoic Eurypterids is their constantly recurring shortness 
and uniformly segmented character, long known in Slimonia, and less conspicuously 
in Fterpgotus itself, retained with development of spines in three of five known 
appendages of the recently described eurypterid giant Stylonurus. The minimum 
length yet observed for these appendages is that of the Silurian species Eurypterus 
Fischm, discovered by Holm in Bussia in 1898. This creature is one of the few 
eurypterids in which all the appendages are preserved, and it is the more strange 
therefore that the advocates of the arachnid theory should ignore it in their most 
recent account. Allowing for the specialisation of its sixth prosomal appendage 
for swimming, the fifth is but little elongated, the second, third, and fourth are 
each in total length less, by far, than the transverse diameter of the prosoma, and 
uniformly segmented, giving the appearance of short antennae. They seem to be 
seven-jointed, and are just such appendages as exist in the simpler crustacean 
and tracheate forms ; and in the fact that their structural simplicity is correlated 
with the independence of the whole series of opisthosomal segments they lend 
support to the argument for isomorphism. 

With this conclusion, we turn once more to the Scorpions, if perchance something 
akin to it may not be in them forthcoming. The Silurian genus Falceophonus^ 
especially as represented by the Gotland specimen, reveals the one character desired. 
Its body does not appear to be in any marked degree simpler than that of the living 
forms ; but on turning to its limbs, we find the four posterior pairs, in length much 
shorter than those of any living species, all but uniformly segmented. In this 
they approximate towards the condition of the limbs of the Eurypterida just dis- 
missed, and their condition is such that had they been found fossil in the 
isolated state they would have been described as the limbs of a Myriapod, and not 
of a scorpion at all. Indeed, their very details are what is required, since in the 
possession of a single terminal claw they differ from the limbs of the recent 
scorpions as do those of the Chilopoda from the hexapods. 

With this the scorpionid type is carried back, with a structural simplification 
indicative of a parallelism with the other arthropod groups ; and while the facts 
do not prove the total independence of the scorpionid and limuloid series, they 
bring the latter into closes harmony with the Eurypterida of the past. They 
prove that the Silurian Scorpions simplify the existing Scorpionid type, on precisely 
the lines on which the Eurypterida simplify the Limuloid ; and they do so in a 
manner which surest* that a distinction between the Crustacea mm and the 
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Crustacea cjigantostraca (to include tlie Eurypterida and Xipliosura) is the nearest 
expression of the truth. It becomes thereby the more regrettable that in a recent 
revision of the taxonomy of the Limuloids the generic name Carcinoscorpius 
should have found a place. 

I foresee the objection that the antenniform condition of the shorter limbs 
may be secondary and due to change. There is no proof of this. Against it, it 
may he said that the number of the segments is normal, and that where nature 
effects such a change, elongation is with the mnlti-articulate state the only process 
known; as, for example, with the second leg of the Phrynid^, the so-called 
second pareiopod of the Polycarpidea, and the last abdominal appendage of 
Apseudes. 

That advances such as we have now considered should lead to new departures 
is a necessity of the case ; and it hut remains for me to remind you that within 
the last decade statistical and experimental methods have very properly come 
more prominently into vogue, in the desire to solve the problems of variation 
and heredity. Of the statistical method, by no means new, 1 have but time to 
recall to you the Presidential Address of 1898 by my friend and predecessor in 
this chair, himself a pioneer ; and of the experimental method I can but cite an 
example, and that a most satisfactory one, j ustifying oui’ confidence and support. It 
concerns the late Professor Milne-Edwards, who in 1864 described, from the Paris 
Museum, the head of a rock lobster {Palinums penicillatus), having on the left 
side an antenniform eye-stalk. With the perspicuity distinctive of his race, he 
argued in favour of the ^fundamental similarity of parts susceptible to revert to 
their opposite states.’ The matter remained at this, till, on the removal of the 
ophthalmite of certain Crustacea, it was found that in regeneration it assumes a 
imiramous midtiarticulate form ; and it is an interesting circumstance that in 
the common crayfish the biramous condition normal to the antenniile may occur. 
An example this of a fact which no other method could explain. 

When all is said and done, however, it is to the morphological method that 1 
would appeal as most reliable and sound. And when we find (i.) that in certain 
Compound Tunicates the atrial wall, in the egg development delimited by a pair 
of ectoblastic invaginations, in the hud development may be formed from the 
parental endodermic branchial sac; (ii.) that regenerated organs are by no means 
derivative of the blastemata whence they originally arose; (in.) that in the 
development of a familiar starfish the inner cells of the earliest segmentation 
stages, by intercalation among the outer, contribute half the fully formed blastula ; 
(iv.) that there are Diptera in existence in which, while it is well-nigh impossible 
to discriminate between the adnlt forms, there is reason to believe the pupa 
cases are markedly and constantly distinct; it becomes only too evident that 
the later embryonic and adult states are those most reliable for all purposes of 
comparison, and that it is by these that our animals can best he known and 
judged. Caution is, however, necessary with senility and age, since certain 
skulls have been found to assume at this period characters and proportions 
strikingly abnormal, and by virtue of the most important discovery, which we 
owe to the Japanese, that in certain Holothurians, the calcareous skeletal deposits 
may so change with age, as to render specific diagnoses based on their presumed 
immutability invalid. Advance, real and progressive, is in no department of 
zoological inquiry better marked than comparative morphology, and it is for the 
pre-eminence of this that I would plead. Educationally, it affords a mental 
discipline second to none. 

We live by ideas, we advance by a knowledge of facts, content to discover tbe 
meaning of phenomena, since the nature of things will be for ever beyond our 
grasp. 


And now my task is done, except that I feel that we must not leave this place 
without a word of sympathy and respect for the memory ^f one of its sons, an earnest 
devotee to our cause. William Thompson, horn in Belfast, 180G, became in duo 
time known as 'the father of Irish natural history.’ By his writings on the Irish 
fauna, and his numerous additions to its lists, he secured for himself a lasting 
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fame. In his desire to benefit others, he early associated himself with the work of 
the Natural History Society, which still flourLshes in this city. He was President 
of this Section in 1843, and died in London in 1862, while in the service of our 
Association, in his forty-seventh year, beloved by all who knew him. His 
memory still survives ; and if, as a result of this meeting, we can inspire in the 
members of the Natural History and Philosophic Society of this city, as it is now 
termed, and of its Naturalists’ Field Club, an enthusiasm equal to his, we shall not 
have assembled in vain. 
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The Progress of Geographical KnoioUdge. 

With so large a field as that wMch is embraced by geography before us, I feel a 
little doubtful which way to turn in order to gather into one short space both the 
scattered records of recent geographical history and to present to you at the same 
time illustrations of some fixed principle which in the course of the development 
of our geographical knowledge must govern the progress of it. Last year you 
heard from Dr. Mill a most excellent summary of the present phase of that 
development in this country. You heard not only of great activity in the wide 
world of the unexplored and unknown, but of new efforts to train up a fresh 
generation of explorers ; of new schools springing up amongst us ; fresh evidence 
of the faith that is in us that geographical knowledge points the road to commer- 
cial success ; happy intimations of the existence of a yet higher faith — the faith 
which believes that scientific knowledge of the world’s physiology is worth the 
getting for its own sake, whether it paves the way to golden success or not. And 
now, whilst recalling the chief geographical events of the year that has passed ; 
whilst counting the landmarks on the road to a higher geographical education, I 
would also claim your attention for a brief space to a few technical problems 
which beset the business aspect of future procedure, and which so long as we make 
it our boast that we belong to the biggest empire in the world ought most 
certainly to attract our earnest attention. 

The unknown world is growing daily smaller. It is, indeed, narrowing its 
area with a rapidity which is absolutely regrettable. If you think of those 
delightful days when the men who went ‘ down to the sea in ships ’ brought gold 
and ivory to the steps of Solomon’s Temple, believing that beyond tbeir nautical 
ken all the rest of the world was but flat emptiness ; or even centuries later when 
Marco Polo’s truthful tales of Asia were discredited as wild fables ; or again in 
almost modern times when Yasco da Gama bent his knees in pious prayer ere 
starting on the buccaneering venture which was to change the destinies of the 
East, you will find it almost impossible to look at the well-turned-out maps of 
to-day, wondering where next it may be possible to strike a new feature or unfold 
a new vista to geographical enterprise, without something like a sigh. But it is 
with the world as we find it mapped to-day that we have now to do, searching 
out the position of such blank spaces as still exist and considering the best means 
of dealing with the vast area of its half-exploited surface so as to obtain the best 
results for the time and lab<^r spent on completing our knowledge of it. 
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Antarctic Prospects. 

To the Polar regions we naturally turn first, for they form the special domain 
of modern initial exploration. We are very far yet from having elucidated the 
great geographical problems of sea and land distribution which lie hidden under 
the depths of palseocrystal ice. We only know indeed from inference that at one 
end of the world there exists an unmapped sea, and at the other an unmapped 
continent, round the edges of which we are even now feeling our way. When the 
‘ Discovery’ left the New Zealand port of Chalmers on December 24 last for the 
South Polar regions, this was the quest which, in the modest language of her 
originator, Sir Clements Markham, lay before her: ‘To determine as far 
as possible the nature and extent of the South Polar lands ’ and to ‘ conduct a 
magnetic survey.’ If we look at the unexplored area of these South Polar lands as 
a whole and examine the plan of international geographical campaign which has 
now been directed against them, we shall find, I think, that the present enterprise 
is by far the most complete and systematic, as it is the most scientific, that has 
yet been undertaken in the Far South. It is impossible but thal, great results 
should be attuned from so complete an investment of the unknown continent. 

With the ‘ Discovery’s ’ investigations, which will be directed to Victoria Land — 
the laud of the historic volcanoes Erebus and Terror — from the side of Tasmania 
and New Zealand, will be associated at least three other expeditions, all aiming 
at a final solution of the South Pole problem. From South America Otto Nor- 
denskiold’s expedition has taken the shortest sea route past the South Shetlands 
to Graham’s Land, and has already passed a winter amidst the ice. From South 
America, again, the Scottish expedition under Bruce will work its way past the 
Sandwich Islands, skirting the Antarctic Circle, some fifty degrees to the east of 
Nordenskiold, almost on the Greenwich meridian, and as nearly opposite as pos- 
sible to the ‘ Discovery’s ’ attack from the other side of the Pole \ whilst between 
the two will be the German expedition, of the ‘Gauss,’ pushing southward about 
the meridian of 90° E., a worthy rival in scientific equipment to our own ship 
the ‘ Discovery.’ And there is no branch of scientific inquiry which will be ad- 
vanced by this international attack on the great unknown southern land of more 
interest than that which pertains to the history of the world's geography. Inde- 
pendently of securing a firmer outline to the* vague definition of southern land 
areas of the present day, it is there that we hope to find evidences of another 
distribution of those areas in primeval times. Shall we be able to trace the 
Patagonian formations, those recent basaltic lavas which overlie trees, beyond 
that point in Graham’s Land where we know that they occur again, to the Aus- 
tralian side of the Southern Pole? Shall we find that Erebus and Terror are but 
the natural extension of that magnificent array of volcanic cones wLich overlook 
the Pacific from the Patagonian Andes ? Will the Miolania, the great turtle of 
Patagonia — not unknown in Australia— complete with his bones another link in 
that chain of many evidences that Patagonia and Australia once met across the 
extreme south ? ^ You may say this is not geography. I hardly know whether 
in these days it is still necessary to plead that between geography and natural 
sciences, whether of geology, biology, or anthropology, the connection is so inti- 
mate that in the actual field of research it is impossible to disconnect them. 
Modern geography is but a development, and whilst the process of its evolution 
is perhaps to he found in strictly geological fields, it has so modified and in- 
fiuenced the problems of life and the distribution of it throughout the world that 
a collector of facts like myself finds it convenient to accept, for the mere sake 
of simplicity, the science of geography as the best basis for divergent inquiries 
into many other scientific fields, which can he differentiated at leisure by the 
natural philosopher. 

Necessity for Study of Geographical History. 

But whilst vve are_ justified in expecting much from this great international 
movement we must still moderate our expectations. , We must admit that in the 
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field of purely naval exploration we liave not the same developments in mechani- 
cal and instrumental accessories which place within our reach the possibility o: 
conducting land expeditions on far more scientific and exact methods than were 
possible to our grandfathers. Wireless telegraphy, for instance, will not yet 
enable a ship fast bound in Arctic ice to determine her longitude, and the restless 
ocean still precludes the use of many of the more finely graduated instruments 
which are essential to the exact measurenients pertaining to triangulation. 
Methods and instruments, indeed, will not differ materially from those adopted by 
Franklin or by Ross more than half a century ago. Better instruments of their 
class no doubt are within reach, owing to the extraordinary accuracy of modern 
productio]! ; but better hands to hold them it would be impossible to find. We 
are often so pleased with ourselves in these days that we are apt to forget 
what has been done by our geographical forerunners in the same field as our- 
selves. X have but lately returned from a journey full of geographical interest 
which has carried me over some of the tracks left many years ago by a British 
scientific expedition to the South Seas, which will be ever associated in the 
memory of all geographers with the names of Cnarles Darwin, and H.M.S. ^Beagle.’ 
With the wider scope for gathering information which is afforded in these days by 
the growth of civilisation and the slionting out of its long tendrils into the waste 
places of Patagonia, it has been possible to verify some of the suggestion.s as to 
the structure and geographical configuration of that southern continent which 
were oftered by the observations of IXarwin, and to e-xamine here and there, in 
some detail, the results of recent local surveys in testing the accuracy of the 
coast oatline and of the coast soundings established by the ‘Beagle.’ Of the 
former I can only say that they seem to me prophetic ; of the latter, so little 
change has taken place in South American coast configuration during the last 
fifty years that practically the charts of the ‘ Beagle ’ are the charts of the Chilian 
and Argentine Admiralties of to-day, with hardly a noticeable variation. Such 
magnificent results as were achieved then are hard to beat at any time. We do 
not hope to beat them. We can only hope to imitate them. They stand good 
for all time, and it is useful to recall them now and then in order to emphasise a 
truism which is occasionally overlooked by modern geographical explorers. It is 
not the most recent work in the field of exploration which is necessarily the most 
valuable. Cue of the great sins of omission in modern exploration is that of a 
failure to appreciate the efforts of preceding geographers in the same field of 
research as ourselves — the want of a patient absorption of all available previous 
knowledge before we attempt to add to the sum of it. We are not all of us gifted 
with the patient determination of that great traveller Sven Hedin, who spent 
three years in reading about Central Asia before he wrote a word on the subject. 
It cannot be too strongly irnged in these days of narrowing fields for activity 
that although geographical research is essentially an active function of an active 
life it demands yet more and more, as time goes on, the application of the scholar 
added to the determined energy of the explorer. 


Formation of a Central Committee of Geogra/phioal Advisers. 

It is in this connection that I would advance a suggestion which I have already 
heard discussed by travellers anxious to apply their energies in well-directed efforts 
towards the acquisition of really useful scientific information. It concerns the 
possibility of establishing a central geographical committee which should gather 
together expert knowledge in all branches of natural science, and be prepared to 
give technical advice to travellers and explorers, not only as to the literary sources 
from which the best information may be derived, but also to furnish hints as to 
the best localities for research in any special branch of science. This would 
certaijjly shorten the preliminary labour of collecting information ; and in many 
cases when expeditions are platkued at short notice it would be invaluable in 
indicating oppoitunities for special research which would otherwise be overlooked. 
It is so much more frequently want of time, rather than want of inclination, which 
prevents the acquisition of ttat preliminary and most essential knowledge which 
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alone can rightly direct the effort to the opportunity and fit the two together, that 
I have much sympathy with the pathetic appeal of more than one young explorer who 
has complained that it is necessary to travel all round London in order to find the 
man (to say nothing of the book) who will tell you in concise language exactly 
what to look for in the land which you are visiting. 

Contraction of the World's ‘ Terra Incognita' 

It is, however, when we leave the high seas with_ their almost inexhaustible 
store of unexplored ocean fioors and icebound coast-line, and turn from oceano- 
graphy to the more familiar aspects of land geography that we find those spaces 
withm which ‘ pioneer ’ exploration can be usefully carried to be so rapidly con- 
tracting year by year as to force upon our attention the necessity for adapting our 
methods for a progressive system of world-wide map making, not only to the re- 
quirements of abstract science, but to the utilitarian demands of commercial and 
political enterprise. 


Take Asia, for example : nearly half of the great continent pertains to Siberia, 
and within the limits of Russian territory the admirable organisation of her own 
system of geographical exploration leaves no room for outsiders to assist usefully, 
even if political objections did not exist. In Central and Southern Arabia there is 
undoubtedly still much to learn, but of the remaining countries which intervene 
between the Mediterranean and India, of Persia, Afghanistan, and Baluchistan, it 
can only he said that the work of the geographical pioneer has already ended 
where that of the engineer and surveyor has commenced. In the Furthest East 
again — in Manchuria, China, Tonkin, and Siam — there is much more room for the 
practical exploration of the road and railway maker than there is for the irre- 
sponsible career of the geographical traveller. The highway from China to India 
is almost as well known as that from London to India, and the activity of railway 
enterprise in the south of Asia bids fair to rival the triumphs of Siberia. It is 
only in the central deserts of Mongolia and the wastes of Tibet spreading 
southwards to the Himalayas that we can find untrodden areas of any great 
magnitude, and even in Central Asia before venturing on a statement of future 
possibilities in the field of exploration, it would be well to wait for the records 
of that most intrepid traveller, Sven Hedin, who promises us material of scien- 
tific and historical interest as the result of Ms last three years’ travel far in 
excess of the monumental contributions which he has already made public. 
Historically the interest of the world of inquiry in Asia wht3re we find the origin 
of the great races of the world and the birthplace of all religions must always be 
immense; hut that history can only he elucidated by a clear illustration of the 
great highways of the Continent which were open to the vast migratory move- 
ments of mankind in prehistoric periods. We do not in the least understand the 
condition of climate, nor are we quite certain even of the relative distribution of 
land and water in High Asia in the days when its swarming population first began 
to flow south and west, carrying the elements of a language which we have been 
accustomed to regard as primeval into tbe swamps and plains which lay beyond 
the Himalayas or the Caspian. It is only through geographical research that some 
dim outline of those early stories can be realised ; and although the researches of 
Stein and the marvellous discoveries of Sven Hedin around the ancient lake 
district of Lob Nor will, after all, only throw the world’s history back for a few 
centuries, it is by means of these first steps backward that we can feel our way to 
an appreciation of the earlier processes of this phase of human evolution. Nor in 
the interests of utilitarian commercial speculation is geographical research in Asia 
yet to be set aside. We indeed know comparatively nothing of its resources in 
mineral wealth. It is quite witMn the bounds o^ possibility that one of the great 
central treasure houses of nature lie enveloped in the geological axis of the highest 
mountains of the world, and that we may yet be enabled to explain why every 
river which flows from^Tihet washes down gold in ih bed. But this will only be 
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when the Tibetan Lama is prepared to shake hands with the Uitlander ; and I fear 
that recent South African history will not encourage the embrace. Meanwhile 
there is no more promising field still open to the bona fide explorer than that of 
Tibet and the farthest ranges of the Himalayas. Few people are aware how vast 
an extent of the Himalayan area still remains untrodden by any European. This 
is due to no want of enterprise on the part of our Indian surveyors and political 
officials. It is due partly to physical inaccessibility, and partly to that intense 
(and easily understood) objection to the interference of the stranger in which 
many of our transfrontier neighbours permit themselves to indulge. Nevertheless 
would I commend to those who still desire to walk in the rough and thorny path 
of pioneer geographical discovery a similar enterprise to that of our aforetime 
Secretary, Mr. Douglas Freshfield, who lately succeeded in passing beyond the 
bounds of official exploration into the Eastern Himalayas. We have had many 
travellers in the Himalayas, but they have not always distinguished between the 
fascinating pleasures of romantic adventure and the earnest pursuit of geographical 
business. 


of Glaciers^ 

To Mr. Freshfield we certainly owe an introduction to a new vista of great 
scientific interest in the study of the formation and movements of glaciers. Here, 
perhaps, we are treading gently on the skhts of geological science ; but I have never 
yet found that part of the world where the careful study of local geographical 
conformation will not inevitably invoke an inquiry into geological construction. 
We must accept the inevitable criticism and go on with our glaciers. Where in 
the world can there be such an area for research into the conditions of glacial 
formations as is presented by the Himalayas ? I grant the physical and political 
difficulties in the way to which I have referred, but still well within the limits of 
our own red border there are glaciers yet to be studied, which if not the largest 
are yet large enough to satisfy the loftiest aspirations, and beyond that border the 
difficulties of approach are lessening day by day, and are no longer so formidable 
that they need hinder the steps of any determined explorer. 

South American Glaciers. 

The speculative interest in glacial movements and their influence on the geo- 
graphical conformation become far greater when one moves in a country which 
has been recently shaped and polished, grooved and fashioned, by glacial action ; 
when huge blocks of granite or porphyry, standing sentinel over terraces and ancient 
glacier-beds, witness to the passing of icebergs in prehistoric seas. Such conditions 
one may find in two widely separated areas — viz., in the Pamirs and in Patagonia. 
■What causes led to the formation of the first vast ice-cap of which the glacier is 
the latest evidence ? what caused its disappearance, its reappearance ? why are 
the glaciers again withdrawing from the mountains ? and what causes the uni- 
versal process of modern desiccation, of which there is such ample evidence in 
the Pamii’s, in Baluchistan, in Patagonia? It is to the Himalayas that we 
turn first for an answer to this question ; hut there are other fields almost equally 
promising, and one of them is to be found in South America. No one now can 
pretend any longer that we know nothing of Patagonia. Probably no country in 
the world has been described by so many geographers in so many dilierent 
ways; there, at any rate, is a land of glaciers and snowfields awaiting research 
which presents few of the physical difficulties of the Himalayas. Here is a won- 
derful country truly, where glaciers reach down to the sea in low latitudes, 
casting little icebergs into waters fringed by green banks of fuchsia and myrtle, 
and of bamboo ; where the laurel grows into magnificent timber, competing with 
the Patagonian beech for root-hold on the moss-covered soil. The round grey 
heads of the granite hills, scratched and seamed by a discarded ice-cap on one 
side of the narrow straits balance the snow-bound peaks of the Cordilleras on 
the other. No physical difficulties bar the way to the investigation of glacial 
phenomena amidst some^of iJhe most striking coast scenery in the world. Nea? 
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the parallel of 51° S. are two Patagonian lakes closely associated—Argeiitina. and 
Viedma— which otter opportunities for the study of glaciers such as are probably 
not to be found anywhere else in the same latitude. For here the phenomenon of 
disappearance is in the stage of natural illustration. Glaciers are disappearing 
rapidly which but a few years ago seemed to be a permanent featup of the sur- 
rounding mountains, and the lake surface is chequered with their debris. There, 
too, may be studied for hundreds of miles northward the natural sequences of 
their disappearance—the formation of freshwater lakes and their gradual desicca- 
tion in tum—whilst all around there is the continued story of geographical evolu- 
tion due to the alternate forces of glacial and volcanic action written in gigantic 
characters on the face of Nature. 


Central South America, 

Not very much has been added of late years to our practical knowledge of the 
hidden depths of Central South America except from the inexhaustible mine of 
information possessed by that eminent geographer Colonel Church. A Brazilian 
expedition in 1890 ; the explorations of a commission sent to investigate the inte- 
rior with a view to the establishment of new political capital to Brazil in 1892-93 ; 
the discoveries of Dr. Ramon Paz in 1894, and a chequered journey in the Valley 
of the Orinoco by Stanley Paterson in 1897, form the principal records of modern 
days. There is doubtless much which is of the greatest commercial and poli- 
tical interest still to unravel in connection with the geography of the great river 
basins of the continent. But in South America we are threatened with perhaps the 
greatest development of what I may call artificial geography that t he world has ever 
seen. Not only will the consummation of the Panama Canal project cliange the 
whole system of our western sea communications, and probably exercise a more 
enduring effect on tbe world’s commerce than even the Suez connection between 
East and West, but the possibilities of linking up by a ceiitral canal system the 
three great river basins of the South— that of the Orinoco, the Amazon, and the 
Plata— is under serious consideration, and the mere project will in itself lead to 
an exhaustive examination of much untravelled country. Thus, even South 
America no longer ofi'ers a large field for the geographical pioneer of the future. 
With its narrowing areas of fen'a incognita and its almost phenomenal advance 
towards a leading position as the pastoral and meat-producing quarter of the 
habitable globe; with possibilities of development in this particular line probably 
exceeding those of Australia, New Zealand, and South Africa all put together, 
it is surely high time that South America turned her attention towards a com- 
bined and sustained international ettort to])lace her scattered and must ijisutiicient, 
geographical surveys on a sound geodetic basis extending through the whole 
continent. 


North America. 

In the geographical fields presented by North America, as also by Australia, 
magnificent as are the opportunities for acquiring that personal acquaintance with 
the great depositions of nature w^hich environ new conditions of liie, and sliape 
the course of human existence to its appointed ends, or, in other w’orda, to acquire 
a geographical education from original sources of instruction, there is but littb* 
opening for the enterprise of the pioneer who aspires to show the way into new 
fields. There is no lack of native enterprise in colonies peopled by the stout- 
hearted descendants of generations of explorers. Neither Canadians nor Au.s- 
tralians wait for England to show them how to develop the resources of their 
owm country, or pilot the road to new ventures. On the contrary, wo have to 
turn^ to Canada now :j|or instruction in the higher art of geographical map- 
making, and to admit that England has been left far behind in the development 
of the special branch of science which deals with the illustraliou of the main 
features of geographical configuration in relation to their >,mological cuiitetruction. 
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Africa. 

In Africa the advance of our knowledge of tke main outline of tke geogra- 
phical features of the continent has been so rapid since the days when the Nile 
was first traced to its source by Speke that a perfect network of explorers’ lines 
of travel now embraces the continent in its meshes, and it is only in the inter- 
mediate spaces that room for enterprise on the part of the pioneer is left, even if it 
may not be said altogether to haye vanished. A reference to the little map pub- 
lished by Mr. Eavenstein in the ‘ E.Gr.S. Journal ’ for last Eecember will show 
you at once that the hydrography of Africa has been fairly well traced out in all 
its main arteries, leaving but few unexplored spaces of any great extent ; and 
that such spaces, where they occur within the area which is especially open to 
Englishmen, demand an organised system of exploration more complete in its 
results, more carefully balanced in its relation to the geographical illustration of 
those lands which are beginning to form centres of civilisation than can be secured 
by the process of pioneer route making. In short, we want a system of geo- 
graphical surveying allied to those systems which have been perfected after 
years of careful experiment by Canada, or Eussia, or France, or by England in 
India. This, however, brings us into a field of technical inquiry of great import- 
ance, into which, so far as it deals with geography, with the measurement of 
the earth’s surface and the illustration of its configuration by means of maps, I 
propose to enter briefly in this Address. 

Modern Requirements in Geograqhical Maj^-making. 

You will agree with me that geography in the abstract, without illustration — 
the geography which used to he taught by geography hooks without maps— is but 
a poor and inefficient branch of academic knowledge, hardly worthy even of an 
infant school. It does not matter what branch of this comprehensive science you 
approach, whether It is historical, or physical, or political, mudern or ancient, the 
only substantial presentment of the subject to man's understanding is that which 
has recourse to map illustration. Words (especially words hearing such indefinite 
applications as our modern geographical terminology) can never convey to the 
imagination the same substantial illustration as maps convey to the eye. You 
may think that all this is mere truism ; so it may be ; but I assure you that what 
I may call descriptive geography, that is to say, geography without the aid of 
maps, has more than once nearly precipitated national disaster in quite modern 
times— disaster quite as perilous as any which in military fields has been caused 
by blank, wholesale ignorance of the features of a country in which strategic 
movements are undertaken. There comes a time in the history of every developing 
country when the increase of its people, and the consequent distribution of land, 
demands surveys for the purposes of fiscal administration. Consequently such 
surveys are common everywhere ; and from these have been built up, piece by 
piece, like a child’s puzzle, the geographical maps of many half-occupied lands, 
illustrating only such portions as are adaptable to economic development, and 
leaving blank all that promised to be unproductive and unprofitable. 

Field of Geodesy. 

It was only when it was discovered that the sum total of such a production was 
apt to cause great confusion in land assessment, inasmuch as it often did not equal the 
actual area of the land distributed, that there arose a school of mathematicians who 
concerned themselves with determining the dimensions and figure of the earth, and 
founded that apparently complicated system of primary map-making which 
now takes count of such matters as the curvature of the earth’s surface, the con- 
vergency of meridians, and otli^r spheroidal problems which aflect the construc- 
tion of the map. Thus arose ^ geodesy,’ and geodesy has numbered amongst its 
apostles many of the greatest mathematicians of the age. C4eoclesy, the science 
which deals with ex|Ct Measurements, was never an embodiment of abstract 
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matheoiatical iiiYBstigation. It had always a utilitarian side to it, and it is unfortu- 
nate that this view of the science has been occasionally lost sight of in late years. 
For we haye not done with geodetic investigation yet, Magnificent as are the 
results obtained by the mathematicians of the past, there are still further refine- 
ments to be introduced into those factors which we daily use for the reduction of 
our terrestrial observations ere we obtain perfect mathematical exactness (if we 
ever attain it) in our results ; and we still must look to the processes of geodesy to 
give us that backbone, that main axis of indisputable values from which our 
network of triangulations may spread during the first steps in geographical map- 
making. To a certain extent geodesy is the support of technical geography, and 
a short inquiry into its present conditions of existence may not be out of place. 

It is to North America that we must now turn for instruction in the latest 
development of the science, and to South Africa that we must look for its future 
application. Russia has not lost sight of the necessity imposed on her for an 
extension of her magnificent European geodetic system through the vast breadth 
of her Asiatic possessions, but we ourselves in India are concerned nowadays 
rather with scientific observations on collateral lines, and with the collating and 
perfecting of the results attained by the great achievements of past years, than 
with any developments in fresh fields of geodetic triangulation. Germany and 
France, ever alert where colonial interests are concerned, are busy in Africa, but 
I am not prepared to say how far their geographical eftbrts are based on the strict 
principles of geodesy. 

In North America, along the meridian of 98° through Texas, Kansas, and 
Nebraska, geodetic triangulation still forms one of the most prominent schemes of 
modern work undertaken by the Coast and Geodetic Survey ; and in South Africa 
there is growing northward into the Transvaal slowly, but we hope surely, the 
framework of a gigantic arc which one day will be extended by Sir David Gill 
from the Cape to Cairo. 

I am anxious to impress on you that the science of geodesy is not a science of 
the past. It is still active, and with all its refinements of minute accuracy 
and exact precision in observation and in calculation, it should be the initial 
mainstay, and it must be the final court of appeal, as it were, for all those less 
rigorously conducted surveys of the reconnaissance and exploration class which we 
term geographical. 

But this accurate framework, this rigorously exact line of precise values which 
ultimately becomes the backbone of an otherwise invertebrate survey anatomy, 
is painfully slow in its progress, and it is usually haunted by the bogey of 
finance. It does not appeal to the imagination like an Antarctic expedition, 
although it may lead to far more solid results, and it generally has to sue in forma 
pauperis to Government for its support. 


Geographical Surveys, 

And thus it happens that long before the tedious and expensive processes which 
are involved in the term geodetic tiiangulation can possibly be carried to an elective 
end the cry goes up for a geographical survey. It is wanted by the administralnr 
to whom it is all important that he should know the roads and river conimunica- 
tious, and the productive areas of the land he lias to administer, and be able to 
locate the various tribal sections or peoples with whom he has to deal. In the 
political department a geographical map may be said to be absolutely necessary for 
the political purpose of defining limits and boundaries. It has been, I am aware, 
occasionally dispensed with, but never with satisfactory results. To the officer on 
whom rests the responsibility of preserving peace and good order it is most 
desirable that the military features should be fairly represented in such a manner 
that at least a general plan of action can be arranged at short notice. For the 
economic development of the country it cannot be xoo strongly urged that a general 
geographical outline of its surface is indispensable to the selection of lines for 
special technical examination, whether for rojtds, railways, canals, or telegraphs. 
How often lately in the history of our colonial or^fron*;ier progress have vast 
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sums been expended on special lines of railway in ignorance of tbe fact that 
better alignments of infinitely less physical difficulty would have been at once 
revealed by a general geographical map even on the smallest scale ? In short, 
the cheapest, the q^uickest, the surest, indeed the only satisfactory method of 
regulating the progression of public works, the development of commerce, the 
proper recognition of the frontier boundaries, the administration of justice, and the 
military control of a large and growing colony, or of a long stretch of military 
frontier, is to be armed with a perfect summary of what that country contains in 
the shape of a geographical map ; and yet it is only quite lately that this fact 
has been recognised by English administrators and English generals in their 
dealings with new colonies and new frontiers. Russia learnt the lesson a genera- 
tion ago at least. When she reached out a hand for Constantinople her army 
was accompanied across the Balkans by whole companies of surveyors, who worked 
on no sketchy system of indicating lines of route here and there. They pushed at 
least seven series of triangulation across the mountains, and on that as a basis they 
mapped the whole country in detail on a good military scale (about an inch per 
mile) right up to the very gates of rhe Turkish capital. For years her brigade 
of topographers has been busy along her Afghan and Siberian frontiers. In 
Persia, Baluchistan, the Pamirs, and China, wherever in fact there may be in the 
future some prospective view of a closer political, commercial, or military interest 
than exists at present, there they are to he found. France has always been 
strong in the geographical field, and the late achievements of Frenchmen in the 
world of exploration and of exploratory map-making are only equalled by the 
scientific knowledge and litei’ary ability displayed in their technical literature on 
the subject. Colonel Laussedat’s contribution to the ^ History of Topography ’ is 
to be reckoned with as a standard work. In Canada and North America we have 
perhaps a practical exposition of the art of geographical surveying which is as un- 
equalled in completeness and comprehensiveness as the country with which it has 
to deal is unequalled as a subject for its application. There the close association 
between geological structure and geograpnical conformation is so fully recognised 
that the same technical process of surveying is applied for the purpose of the double 
illustration. The Canadian geological survey is their geographical survey, and 
I think that it is to Canada (if not to India) that we owe the first recognition of 
the fact that geographical surveying is a separate, distinct, and most important 
branch of the general art, which should form the basis — the mother survey as it 
were—from which all other surveys should spring. In India I am happy to 
think that this advance in the science of geography is now well understood. It 
has been more or less forced on us by the necessity for such rapid and comprehen- 
sive surveys as are required for frontier military operations, for the purposes of 
boundary demarcation, and for the important duty of keeping our own trans- 
frontier information up to the level of that of our neighbours. In our African 
colonies it has, alas ! been discovered a little too late that geographical 
surveys are a sound preliminary to military operations, but the discovery 
once made it is not likely to be overlooked. Here, indeed, was presented 
a most forcible illustration of the danger of building up a geographical puzzle 
map j of piling one on to another the results of local fiscal surveys in the hope 
that when they were all put together they might make a good topographical guide 
to the country. Needless to say the result was disastrous from the scientific point 
of view, and it might almost be said of it that it was disastrous from the military 
point of view as well. Imagine for an instant that the Canadian system of a 
geological survey (involving of course accurate topography) had been applied 
ah initio to South Africa, who can possibly say what the result might not have 
been by this time ? The expansion of the Randt mines, for example, depends at 
present on local experiment carried out no doubt by most able engineers with all 
the knowledge of scientific mining that is to be acquired in these days of advanced 
specialism. But all the samel* may be permitted to suggest that their expexi- 
meatal ventures, their tentative borings, are subject to a good deal that is almost 
guess work for their application, and that a comprehensive, carefully conducted 
geological survey of tfce v^hole country would probably have aflbrded valuable 
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indications in many unexpected directions. So also as regards schemes for 
local irrigation. Take the north-western part of Cape Colony, for instance, the 
district known as the Karoo, where the best military map existing at the time of 
the war did not even pretend to show the main roads through the country. The 
stage of development at which that part of the colony has arrived in the all- 
important matter of local irrigation is only worthy of the Dark Ages. It would 
he laughed at in Persia or Afghanistan. The Arabs of mediaeval times were 
experts in the art of the conservancy and distribution of water in dry lands com- 
pared to the modern South African (or South American) farmer. Now I do not say 
that schemes for merely local irrigation require geographical maps to support them. 
Such schemes only require a little enterprise, a little common sense, and a little 
capital, but I do say that the geographical map would long ago have revealed the 
opportunity for comprehensive schemes, such as exist in India, just as it would have 
pointed out the best alignment for roads and railways, the best means for dealing 
with an enemy who can move fifty miles in a night, and who can make, not merely 
a few square miles, but a whole district the theatre of his operations. What was 
wanted (and is still wanted) in South Africa is what is wanted in every part of the 
continent subject to British suzerainty. I know that I am hut echoing the urgent 
demand which has been made by every commissioner and governor" within the 
limits of that vast area— not for elaborate or special maps for fiscal and revenue 
purposes, all of which will come in due time— but for scientibc geography which 
shall now take the place of the preliminary work of pioneer explorers, and deal 
with the country as a whole instead of tracing it in outlines and in disjointed 
parts. In short they _ require all gaps filled up. They -want to know 
what the country contains in the way of forests, of open land suitable for 
agriculture, of desert and swamp, of opportunities for roads and railways, for 
telegraphs and irrigation, before deciding on the right portion for the centre of 
an arterial system of public works which shall pervade in natural and orderly 
sequence, and in ^due time, every ^art of the body of the country of their 
administration. Now this is scientific geography. It is not ordnance map- 
making nor anything very much like it. It is a comparatively new demand on 
the scientific resources of England, and those resources are by no means equal to 
the demand. Before considering resources, however, we must look to the 
scientific means to this geographical end. I have already referred briefiv to the 
subject of geodesy, and I nave told you that what is termed geodetic triangula- 
tion is a function of high scientific order, demanding not only minute and pains- 
taking care on the part of an able staff .of observers, but very considerable time 
and very considerable expense to carry it to a satisfactory issue. I have also 
pointed out that inasmuch as the exact distribution into qiarts of any large space 
of the world’s area must ultimately depend on the exact measurements which are 
a Auction of ot-ly the highest class of geodetic triangulation, we must look 
finally to geodesy^ to support the framework of our geography and to give it 
Its rightful place in the great total of the world’s mapping. But the demand for 
geographical mapping is not satisfied with the promise of an elaborate basis for 
the work which has first to be constructed with the expenditure of much time and 
rnoney before anything in the nature of a final map can be produced for purposes 
or administration. The political world, too, caimot always sit patiently through 
all the intern ational disagreements, the losses, the unrest, and the positive national 
danger to which an unsettled boundary gives rise, whilst the geodesist works 
slowly through the country year after year, piling up sheaves of equations and 
lolios of observations, but never a square mile of practical topography. A.s Jbr 
the military department I hardly know what to say. There is the example 
before us of Germans, Bussiaus, Fivnch, and Americans, all conducting their 
campaigns_ with maps m their hands, taking every special means at tlieir 
command m order to acquire such maps before they commence operations • whilst 
the Boers have fought us to the bitter end with a practical knowledge of the 
country which is even better than maps, and which is exactly that class of 
knowledge which maps are supposed to replace or supplement. None of them 
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Certainly the attitude ui‘ llio military department is not one of neutz’aiity. 
They would like the maps, they are even anxious to get them, but they are not 
quite certain that they are worth paying for. However that may he, I can only 
express my own conviction that geographical mapping will he found to he an 
urgent necessity in every corner of the unmapped world subject to British influence. 
We would like to wait for those accurate determinations of geodesy which would 
at once furnish us with the best of all possible means for commencing a compre- 
hensive geographical sinwey. But we cannot afford to wait, and the great 
geographical problem of the age is how to reverse the natural sequence of scientific 
procedure and to obtain maps of the unmapped world which no subsequent geodetic 
operations shall condemn as inaccurate. It is not a question ot expediency ; it 
has been one of necessity for many years past ; and inasmuch as necessity is the 
mother of invention, I think that it will finally be conceded that means hade been 
found for ensuring sufficient accuracy in geographical work to render it capable of 
enduring the subsequent tests of completed geodetic measurement without dis- 
location and without interference with the general utility of the maps, even if that 
accuracy be not scientifically perfect. 

It is not my intention to bore you with technical details. I only wish to 
impress upon you that in the field of scientific geography, as in other fields, ‘ the 
old order changeth.’ We must work on new principles in order to meet new 
demands. 


Use of the Telegmfh in Geography. 

One of the chief means to this end is the telegraph, h'ewr people appreciate the 
important role which is played by the telegraph in these days in the field of 
geography. It was not so very long ago that the first step towards regenerating 
a natural wilderness, or for securing access to new' commercial openings or centres 
of uncivilised population was held to be the construction of roads and railways. 
Means of physical access was the first step towards the development of a country 
which was regarded as unenlightened from the standpoint of European civilisation. 
It is so no longer, for the telegraph often threads its way through many a dreary 
waste of unpeopled earth, uncoiling its length for hundreds of miles in advance of 
any railway, or indeed of any road, w'hich can in the ordinary sense of the term 
he described as a constructed road. I wdll give you an illustration. On the 
Patagonian pampas nr)t so very long ago, in the midst of a wide ■wilderness of 
snow, after losing our way in a blinding snowstorm and camping on our tracks 
for the night, w^e struck the end of the telegraph line which is now being pushed 
across Patagonia, and w'hich will eventually coimect the Atlantic with the Pacific, 
We bad seen no roads whatever for a great part of the distance we had traversed. 
Our daily procedure was the simple process of following a guide over the illimit- 
able stretches of bush-covered uplands which reach down from the eastern foot of 
the Andes in gentle grades to the Atlantic shore ; and w^hen w'e did at last fall 
in with the great central line of trana-continental communication we found it to 
consist of the wheel-marks of certain previous waggons w^hich had drifted along 
that w'ay, a sort of road which it was exceedingly easy to lose in the fading light 
of a stormy winter’s day. On this road there w'as nothing but a telegraph end 
and the tents of a few telegraph officials, and w’e were some 150 miles from 
our destination on the Atlantic coast. And so it happened that after weeks 
of absence from any means of communication with the outside world we 
were thus suddenly put in possession ol its very latest news ; and the very first 
message that ])assed from the end of that line into my hands was the message 
of peace with South Africa, signed an hour or two previously. I accepted 
that message as a happy omen for the result of our l*atag'ouian mission. And 
thenceforward (thanks to the courtesy of the telegraph chief at Buenos Aires) 
nightly as we sat in the snow we read all that w^as important from the London 
evening papers of that self-same day. We were not s'tarving by any means, but 
had we wanted a loaf of bread in that unbroken stretch of snow-covered bushlaiid 
we certainly could not have got it ; whilst here was iiiiormation flowing in with 
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a daily ease and regularity that I greatly missed when once again I was within 
reach of clubs and civilisation. The importance of telegraphs in the field of 
geography, however, is not confined to the transfer of news to casual travellers. 
It is the facility which it places in the hands of the geographer for determining 
his position in longitude that renders it so important a factor in the prosecution 
of a geographical survey. Everyone knows that the first duty of a geographer is 
to discover his latitude and his longitude. Hitherto the determination of th e 
first has been a matter of no great uncertainty, hut, as regards the latter, one can 
only say that the confidence expressed by most explorers in the results of their 
observations has never been justified by the final verdict of a subsequent deter- 
minatiou. It is, in truth, most difficult even for the most practised observer to 
obtain an absolute value in longitude on which he can rely within such limits of 
accuracy as are essential to the construction of a map where these values have to 
be employed differentially. The telegraph places in our hands the means of 
differential determinations within a degree of exactness that surpasses even that 
of the most careful determination of latitude; and the telegraph is every- 
where. Supplementary to the facilities of time-signalling by telegraph is the 
wonderful accuracy of graduation introduced into the smaller classes of new 
instruments which in these days replace the cumbersome equipment of the 
past. With a small 6-iuch theodolite fitted with a complete vertical circle 
time values can he determined within a fraction of a second, and latitude 
values to within two seconds of arc, always provided that that great bugbear of 
the astronomical geographer, level deflection, does not interfere with his results. 
But the same minute accuracy in graduation which has so improved the ordinary 
little instruments which you find in the hands of the professional geographer ha^ 
when combined with new methods for accurate linear measurement, also placed 
it in his power to carry out a fairly coherent and systematic triangiilation with 
great rapidity and accuracy over large areas of country whenever the configura- 
tionand characteristics of that country are favourable. Usually they are favour- 
able. Large expanses of flat desert, of undulating veldt or of unbroken forest 
are the exception, not the rule, and they must of course he dealt with as their 
special peculiarities demand ; and for the normal conditions of land configuration, 
given that the explorer is specially careful about his base measurements and his 
initial data, he can certainly with modern instruments and the facilities for check 
given him^ by the telegraph, carry on a rapid and comprehensive geographical 
survey which will fulfil all the conditions required bv the administrator, econo- 
mist, political geographer, or military commander within such limits of accuracy 
as will ensure its standing all the subsequent tests that geodesy may apply without 
any apparent map dislocation. And practically that is all that ‘is wanted for a 
first map. I have used the word ^rapidly.’ Few people (even scientific 
geographers) have reaUy grasped the full meaning of the term as ai)plied to 
surveys on geographical scales (ie., 1 : 250000, or about four inches per mile, or less) 
under normal conditions. Such surveys can be completed quite as fast as an army 
can advance in the field, even granting that the advance is continuous. They can 
even to a certam extent precede that advance in face of an enemy. A sina-le 
tnangulator with a staff of two or three topographers in a fairly favourable 
country will be responsible for an outturn which may be counted by hundreds of 
square miles per day. The records of both American and Canadian surveys will 
prove that the marvellous progress made in the frontier reconnaissance surveys of 
India is nothing abnormal or unexpected. 


Necessity for Training Schools. 

So far I have spoken about the system only, a system which has been nearly 
perfected by expenmeBts in Canada, Russia, India, and elsewhere. Now wa have 

I®*"!!- lively, that 

Bnglmd has discovered that such wotkinen are wanted at all. Rive or six Tears 
® “i°V » topographical school in England. But the 

demand during late years has been insistent and constant, ..with the result, 1 am 
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glad to say, that efforts have been made in various directions to start topographical 
schools, and a distinct change is apparent in our methods of instruction at 
military headquarters. No purely technical central civil schools such as exist on 
the Continent are to be found in England, and the natural result is that at present 
England possesses no finished topographers and not many men who know what is 
meant by a geographical survey. In the wilds of Patagonia (which is, I must 
premise, a country beset with special climatic difficulties, but not otherwise one 
unsuitable to the topographer’s art) I met many men of great intelligence and 
exceptional skill who had been gathered from various quarters for the purpose of 
topography. There were Italians, Argentines, Germans, French, and Swiss, but not 
an Englishman amongst them. Eussians of the type of my old and unforgotten friend 
Benderski have long been famous for their skill; but although English administra- 
tors and soldiers are alike crying out for more and better assistance in the active 
field of topography they cannot get it from England. The establishment of a 
school of practical geogi’aphy such as must eventually guarantee the existence of 
a noilitary topographical corps would be a matter of congratulation deserving to 
be noted as an important step in the advance of the geographical education of the 
country, no less than the school at Oxford which deals more directly with civil 
interests, and is rightly most concerned with the academic aspects of geographical 
instruction. Even this, however, is hardly sufficient. I am convinced that the 
recommendation which arose from certain resolutions found in the Geographical 
Section of the British Association Meeting at Bradford two years ago in favour of 
the employment of natives in Africa for African work, just as Indian natives are 
employed in India, is thoroughly sound. We want schools in Africa as well as 
in England. Only in this way will the vast areas still unmapped in our African 
protectorates he dealt with at reasonable cost and in a reasonable space of time. 


Photo-topography. 

Certain developments in the practical field of geography have lately been 
brought to the test of continued experimental application, and the progi’ess of these 
experiments deserves a passing record. Notably the application of photography to 
purposes of geographical illustration has received immense impetus from the 
apparent facility with which the experimental media can he handled. In favour 
of the haphazard landscape illustrations with which we are usually deluged by 
travellers there is little to be said. They are far more frequently illustrations of 
the personal progress of the author than of the general character of the country 
he progressed through. Neither is there much more to commend in photographs 
designed to reproduce geological or tectonic features, glacial configuration, special 
orographical conditions, or the like unless the position of them and the direction 
of the line of sight from the point of view are very clearly indicated on a corre- 
sponding map. At the best they are apt to he deceptive, for the reason that they 
can but deal with one side of a subject and with only a partial view of the parti- 
cular feature they represent. Everyone knows that an apparent range, or even a 
system of ranges, of mountains may be nothing but the rewtement of a high plateau 
or tableland ; but the photograph of such a mountain system will give no indi- 
cation of the plateau beyond which can indeed only be determined by a survey, 
and properly illustrated by a map. I need hardly say that a topographical 
delineation of ground derived from observations made by the aid of photography 
demands as much technical skill on the part of the topographer and as much 
systematic application of the use of instruments as any other survey. It must he 
a combination of careful triangulation and skilful plane-tabling precisely as is the 
product of a topographical survey. It demands, if anything, more special train- 
ing and a more elaborate method of procedure than does ordinary survey. So far 
as the results of experiments made over suitable fields in Canada can teach us, the 
verdict is in favour of the pjjpcess only under certain conditions of light and 
climate when it is desirable to obtain a record of observations in as short a space 
of time as possible, either in high altitudes, when passing clouds afford but a 
fleeting view of the landscape, or in low-lying districts, where active tribal hostility 
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in the field or some similar condition renders it desirable to curtail operations as 
much as possible. Under all other ordinary conditions it is maintained^ by 
Canadian surveyors that although both time and labour may be saved on the field 
operations, the resulting map can never attain the same standard of accuracy in 
detail that distinguishes good topographical illustration ot the nsiinl variety of 
natural features. ' I am, of course, now speaking of geographical surveying as an 
art, not of mere geographical exploitation. In the latter case doubtless every 
traveller who can"' piiil the string’ ill these days can add immensely to the per- 
sonal interest of his journeys by his illustrations of them. But I would earnestly 
impress upon all travellers that if they desire those illustrations to he of any use 
for geographical compilation it is absolutely necessary to know the point from 
which they were taken and the direction of the view. 


Barometric Records. 

Once again too would I warn travellers of the utter uncertainty of all classes 
of barometric determinations for altitude. Very little has been done in recent 
years towards improving instruments of the barometric class, and meteorological 
science has not yet taught us how to deal with the constant variations in air 
pressure produced over local areas by changeable weather. There are some 
countries where barometric records can hardly be regarded as offering a clue even 
to differential heights. It cannot be too often insisted on that the determination 
of the relative heights of mountain peaks and of the local value of refraction by 
means of the theodolite is as much the duty of the triangulator as is the fixing of 
those peaks in position for the use of the topographer. From these again the 
altitude of positions in the plains can he safely determined by small instruments 
of the clinometer class without resorting to the barometer at all, although it may 
still he necessary to ascertain the value of one initial (or final) point which must he 
determined by many observations spread over a considerable length of time and 
synchronous with another set of observations determined at .sea, or some alri'ady 
known, level. This of course will occur only when a new geogrjipliical area is 
opened up to survey at some distance from the sea. 


Universal Mapping. 

It will be remembered that a scheme was set afloat some years ago by Dr. 
Penck, the eminent German geographer, for the mapping of the whole world on 
the scale of one-millionth, which is very nearly equivalent to the scale of sixteen 
miles to one inch. Substantial progress has now been made in support of this 
scheme by English map-makers, especially in India, where all the trans-border 
countries which have fallen geographically into the hands of Indian surveyors are 
now being mapped on this scale. In the commencement of all great "colonial 
survey schemes it is much to be hoped that this project for one homogent‘Ous and 
universal map will not be lost sight of. 


Map Spelling. 

I wish that we were as well on the way towards homogeneity in spelling as 
we are in scale ; hut it is much to be feared that arbitrary rules will have to he 
applied to so many special localities that no universal system is ever likely to be 
adopted. The further that exact geography extends the more difficult b(^com('s 
this problem, until at last we shall prohahly ‘arrive at the conclusions adopted long 
ago by the Government of India, and consider it best to lay down hv order an 
arbitrary list of prominent names, and rule thatothe spelling of them shall be 
maintained as in this list in all Government records and maps. Scientists ir.ay 
disagree, hut after all it seems the only practical way out of the confusion that 
exists at present. ^ 
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Terminology, 

There is yet another subject of world-wide interest to the geographical student 
equally with the practical geographer which requires something of the erudition 
of the philological scholar to be brought to bear upon it in order to arrive at a 
satisfactory issue. I refer to the subject of geographical terminology. It may 
seem an easy thing to be satisfied with such general defi.nitions as are involved ib 
the terms ^ range of mountains/ ^ coast lines/ ‘main channels/ ‘watersheds/ 
‘ slopes/ ‘ affluents/ and the like; but when these terms, and terms similar to them, 
are employed in international agreements and treaties, carrying with them the 
necessity for identifying on ,the face of nature the Wure which corresponds 
to the term employed, there is always to be found room for discussion as to 
what its exact meaning may he. For the variations of nature are infinite, and 
no two features classified under the same generic name are alike. Were I to 
give you examples of only a tew of the geographical expressions which, carelessly 
used, have led up to serious international disagreements you would, I am 
assured, agree with me that it is high time that geographers all the world over 
came to some definite understanding about the meaning of geographical terms. 
To take an instance. What is a ‘ range ’ or a ‘ main range ’ of mountains ? 
Where does it begin? Where does it end? How far does the term involve 
geological structure ? When a continuous line of similar structure is split across 
the axis of it, does it become two ranges or does it remain one and the same 
range ? Or, again, what is ‘ the foot of the hills’? Is it where the steep slopes 
end and the talus or gentle gradients of its detritus commence, or must you follow 
the latter down to the nearest watercourse ? If you talk of the coast line of 
Western Patagonia or of Norway do you include such headlands as are connected 
with the mainland at low water, and exclude the islands, or do you mean the 
coast line of both ? What is the main channel of a river ? Is it where the 
flowing water scours deepest from time to time, or is it a fixture amongst a 
score of minor channels that shift and change ? Perfect definition is of course 
hopeless. It is not in the power of man to deal with all the infinite variations 
of geographical feature and to classify them as he would specimens of botanical 
origin or of natural history. But we might arrive at a much more satisfactory 
dictionary of geographical terms in our own language than at present exists, 
and we might offer that dictionary to the geographers of the world at large and 
say, ‘ Here we have at least endeavoured to explain our meaning when we make 
use of geographical expressions. This is what is taught in our schools as the 
best means of translating the general idea into a distinct mental conception of 
natural features ; and in future when we use these terms you will know on the 
best authority that England can produce what it is that we mean by them.’ 
Then possibly instead of having to turn to Germany and France for assistance 
in expressing ourselves clearly when drawing up legal documents dealing with 
geographical conditions, we may find the English language become the standard 
for this special class of literature in spite of its verbal poverty. This at any 
rate is what is now being attempted by the Geographical Society, which spares 
no effort in order to obtain the best literary assistance in its compilation that 
the country affords. We shall soon have a geographical dictionary, I trust, and 
be able to enter with a little more ease and confidence into the field of literary 
discussion of geographical subjects. 


Progress of Geographical Education. 

The progress of geographical education in the country, although it is by no 
means so universally apparent as might he considered desirable, yet shows en- 
couraging symiDtoms of vitality in many directions. 

The Civil School at Oxford,' for instance, conducted by Mr. Mackinder, has 
already made most successful efforts to produce expert teachers of geography. 
Here, in addition to 163 undergraduates attending courses during the past year, 
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five students have already won the Post-graduate Diploma granted by the Uni- 
versity^ and it is encouraging to note that four out of the hve have already 
obtained distinctively geographical work Others similarly qualified, if of suffi- 
cient ability, would probably not have long to wait for opportunities. In addition 
to its regular University functions, the Oxford school has this year organised a 
summer course of three weeks’ study. This has been well attended by teachers 
and instructors from all parts of the country, and even from America. 

In London a department of economic geography is in course of organisation 
at the School of Economics and Political Science, and geography will become a 
compulsory subject in examinations. In the matter of examinations we have to 
chronicle the issue of a most excellent syllabus for tbe new London Matriculation 
which should ultimately have great influence on the teaching in many schools. 

Further, the ‘Geographical Association,’ a body now of several hundred 
teachers, has made great progress. It has recently commenced the issue of a 
journal known as the ‘ Geographical Teacher,’ one of whose functions appears to 
be the criticism of the questions set in various public examinations. 

In the University of Cambridge tbe interests of geography are doubtless not 
overlooked, but they are not conspicuously en Evidence, and I have no trustworthy 
data of the progress made in their maintenance. 

In military schools tbe report of the late Committee appointed to Consider the 
Education of Army Officers shows clearly enough that amongst all the necessary 
subjects for a cadet’s education which have to be crammed into the exceedingly 
short course of his military schooling that branch of geography which is embraced 
by tbe term ‘ military topography ’ finds a very conspicuous place. The short 
course of a military school will never turn out an accomplished geographical 
surveyor ; nor does it in any way outflank the necessity for a military school for 
professional topographers. But it teaches the young officer how maps are made, 
and instructs him in the use of topographical symbols. It would be w’ell if it 
could be pushed a little further— if it could teach him how to make use of the 
maps when they are made— for personal experience convinces me that the apathy 
shown by many of our foremost generals and leaders on tbe subject of maps arises 
chiefly from a well-founded doubt of tbeir own ability to make use of them. As 
for the broader basis of general geographical instruction which would deal with 
the distribution of important military posts and strategic positions throughout the 
Empire, and teach officers the functions of such positions, either individually or in 
combination, during military or naval operations, it is perhaps better that such a 
strategic aspect of geography should be relegated to a later age, when the average 
intelligence of the cadet has become more fully developed. 

Taking it for all in all there are distinct signs of a more general interest and 
more scholarly standard of thought in the subject of geography . This is probably 
due to the efibrts of a comparatively small group of workers at a time of general 
educational reform, possibly partly stimulated by tbe disclosures in connection 
with the late war. 

The methods of further improvement are simple — better teachers and better 
examining — and for both it is probable that we must look more directly to civil 
sources than to the tentative efforts of the military schools. 
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Ip it happened every year that the President of this Section undertook to justify 
his own existence, I am afraid the Section would become weary. But my four 
distinguished predecessors have all been drawn from the Civil Service, and though 
each of us may have doubts about particular branches of the Civil Service, we are 
mostly willing to allow that as a whole it is at least a necessary evil, so that we 
do not get apologies from the Presidents who, so to speak, represent the practice 
of political economy. I hope, therefore, that you will hear with me if I offer 
some reasons for thinking that the teaching and study of the theory of economics 
is not, as many people seem to suppose, a wholly unnecessary evil, but, on the 
contrary, a thing of very great practical utility. 

I do not mean to argue that a knowledge of economic theory will enable a 
man to conduct his private business with success. Doubtless many of the par- 
ticular subjects of study which come under the head of economics are useful in the 
conduct of business, but I doubt if economic theory itself is. It does not indeed 
in any way disable a man from successful conduct of business ; I have never met a 
decent economist who was m a position of pecuniary embarrassment, and many 
good economists have died wealthy. But economic theory does not tell a man the 
exact moment to leave off the production of one thing and begin that of another ; 
it does not tell him the precise moment when prices have reached the bottom or 
the top. It is, perhaps, rather likely to make him expect the inevitable to arrive 
far sooner than it actually does, and to make him underrate, not the foresight, hut 
the want of foresight of the rest of the world. 

The practical usefulness of economic theory is not in private business but in 
polities, and I for one regret the disappearance of the old-name ‘ political economy,’ 
in which that truth was recognised. 

One of the commonest complaints of the time is that there is no text-hook of 
economics which commands any really wide approval, and you may therefore, I 
think, fairly ask me to explain what I mean by the teaching and study of economic 
theory before I undertake to prove its practical usefulness in the discussion of 
legislative and administrative measures. I will therefore endeavour to sketch as 
shortly as possible the course of instruction which the modern teacher of economic 
theory, if unhampered by too close adherence to traditional standards, puts before 
those who come to him for instruction. 

The first, or almost the firs^, thing he will do is to try to open the eyes of his 
pupils to the wonderful way in which the people of the whole civilised world now 
co-operate in the production of wealth. He may perhaps read them Adam 
Smitli’s famous descrigtionof the making of the labourer’s coat, a description which 
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required three generations and three great writers to elaborate in the form in which 
we know it. Or he will ask them to consider the daily feeding of London. 
There are, he will point out, six millions of people in and about London, so closely 
packed together that they cannot grow anything for their own consumption, and 
yet every morning their food arrives with unfailing regularity, so that all but an 
infinitesimal fraction of them would be extremely surprised if they did not find 
their breakfast ready to hand. To prepare it they use coal which has been dug 
from great depths hundreds of miles away in the Midlands or Durham ; in con- 
suming it they eat and drink products which have come from Wiltshire, Jamaica, 
Dakota, India, or China, with no more thought than an infant consuming it.s 
mother’s milk. It is clear that there is in existence some machinery, some 
organisation for production which, in spite of occasional failures here and there, 
does^ its work on the whole with extraordinary success. It is easy to be pessi- 
mistiCj especially when the weather is damp, and we are apt to concentrate our 
attention, and to endeavour to make others concentrate their attention, on this or 
that defect, and to forget that the system is not made up of defects, but on the 
whole works very well. Imagine the report of a really outside observer. In all 
civilised planets, I have no doubt, there must be an institution more or less 
resembling the British Association. An economist in Mars, let us say, has been 
fpoured with a glimpse of this island through a new mammoth telescope of suffi- 
cient power to let him see us walking about, and he is reporting to Section F 
what he saw. Will he say that he saw a confused scramble for the scanty natural 
products of the earth ? That most people wei’e obviously in a state of starvation ? 
That few had clothes ? And that scarcely any were housed ? No, truly ; he will 
he much more likely to report that he saw a wonderfully orderly population, going 
to and from its work with amazing regularity, without a sign of compulsion or 
unwillingness 5^ that it appeared to be fed and clothed and housed in a way exti’a- 
ordinarily creditable on the whole to some mysterious organisation, the miture of 
which he could only guess at. 

Having endeavoured to make his pupils recognise that we are organised, and 
that the organisation works, the teacher will go on to show how it works : 
why things that are wanted are produced in the places where they can be easiest 
produced and taken to the places where it is most convenient to consume them ; 
why people go to live in large numbers in spots where it is desirable they should 
work, and leave great areas sparsely inhabited j why more people are brouo’ht up 
to follow an occupation when the desire for its products increases, and fewer when 
it decreases ; why if the harvest is short the consumption is economised so as to 
spread 3^ over the year ; and so on. The answer to all these questions is of course 
^ self-mterest or ^ the hope of gain.’ Durham coal, Wiltshire milk, Danish butter, 
Jamaica sugar, Dakota wheat, and China tea go to London because it pays to send 
them there. People congregate in London or Belfast because it pays them to work 
there. More do not come, because it would not pay them. Young people leave 
agriculture and go to towns to niake agricultural implements or bicycles because 
it pays. The consumption of grain is economised and spread over the year because 
It to hold the stock. If people with one accord left off doing what paid 
we should all be dead in two months. ‘ 


• + ^ ^®®son 8 why it pays to do the right thing— to do nearly what an omni- 
scient and omnipotent ben^olent Inca would order to he done— are to be looked 

for in the laws of value. This used to be regarded as a somewhat arid subieet, 
but the discussions of recent years, especially the contribution made by Jevons and 
school, have fertilised it. Long ago, economists pointed out how the 
^ corn-dealer who held out for a higher price saved the people from 

r only know that 

It 18 a fact, hut also why it is a fact, that value rises with the extent and urgency 

when a thing is much wanted much is offered to those 
part with it, and- consequently its production is 
stin^ated or its consumption economised, as need he. 

questioii, that is, why 

much of the produce falls to the share of one individual ^nd .little to that of another ; 
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wby, in a word, some are rich and others poor. The teacher will here explain that 
the share of each person depends on the amount and value of his contribution to 
production, whether that contribution be labour or the use of property. He will 
show how this system of distribution is essential to the existing system of produc- 
tion, where no man is compelled to work or to allow his property to be used by 
others, and where every man has legal freedom to choose his own occupation and 
the uses to which he will put his property. He will beware of claiming for it that 
it is just in the sense in which justice is understood in the nurseries where jam is 
giv'en when the children are good. There is, he will explain, no claim on behalf 
of the system that it rewards moral excellence, hut only^ that it rewards economic 
service. There is no claim that economic service is meritorious. Whether a man 
can and does perform valuable economic service does not by any means depend 
entirely on his own volition. His valuable property may have come to him by 
bequest or inheritance ; his incapacity to do any but the least valuable work may 
be the result of conditions over which he has had no control. The system exists 
not because it is just, or to reward merit, but because it is inextricably mixed up 
with the system of production. It has one great evil — its inequality. Moralists 
and statesmen have long seen the evils of great inequality of wealth, and now, 
thanks to modern discoveries in economic theory, the economist is able to explain 
that it is wasteful, that it makes a given amount of produce less useful, because 
each successive increment of expenditure yields, as a rule, less enjoyment to the 
spender. The teacher will go on to show how this organisation of production and 
distribution is made possible by the order enforced by government, and how, in 
various ways, government supplements or modifies it; but I shall not enlarge 
upon this part of the teaching of economics, as its practical usefulness is obvious. 
My theme is the usefulness of the other part, the explanation of the organisation 
of production and distribution in so far as it depends on separate property, free 
labour, and the consequent action of self-interest. 

In the first place, 1 maintain that the widespread dissemination of such teacliing 
would help to do away with a vast amount of most disastrous obstruction of neces- 
sary and desirable changes. Take, for example, the obstruction offered to changes 
in international trade. Of course every conceivable argument has been used by 
different winters in wholly different circumstances for obstructing the co-operation 
of mankind in production, as soon as it oversteps a national boundary. But what 
is the real support of this kind of obstruction r* Obviously the fact that certain 
producers, or owners of certain means of production, are damaged by an increase in 
the importation of a particular article. Their loss, their suffering, if their loss is 
severe enough to deserve that name, appeals to popular compassion, and their 
request for ^ protection ’ is easily granted, the new trade is nipped in the hud, and 
things are forced to remain in their accustomed channels. The same principle is 
not applied as between county and county or between province and province, 
simply because there is then visible to everyone an opposing interest, the interest 
of the new producers, within the hallowed pale of the national boundary. Adam 
iSmith tells us that when the great roads into liondon were improved, some of the 
landlords in the home counties protested on the ground that the competition of the 
more distant counties would reduce their rent. The home counties did not get 
the protection they wanted, because it was obviously to the interest of the more 
distant counties that they should not have it. These two interests being balanced, 
the interest of the consumer, London, turned the scale. So it usually happens 
that beneficial changes in internal trade are allowed to take their course without 
obstruction because the votes of two sets of producers counteract each other, and 
the consumer’s interest settles the question. But in international trade one of the 
two sets of producers is outside the country : it consists of hated foreigners, the fact 
that it will benefit is an argument against rather than for the threatened change 
in trade, and the consumers therefore feel it patriotic to sacrifice their own interest 
and vote for protection. But iHhey were properly instructed in economic theory 
they would see at once that sucn magnanimity is entirely misplaced. They would 
see that it would cut away all international trade, since, if there were no fallacy 
involved in it, the stoppage of each import taken separately would benefit borne 
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prudacers and damage foreign producers. Even if some of the imported commo- 
dities could not be produced at all at home, substitutes, more or less ellicient, 
could be produced and give all the more employment.^ Having acquired some 
notion of the advantages of co-operation and the tenitorial division of labour, the 
consumers ■would regard this as a veductio ctd (zbswdwTif and alter thinking a 
little further they would soon see that, after all, there is another set ol producers, 
actual or potential, within the country who will gain— namely, the producers, 
present or future, who will supply the articles which are to go abroad in exchange 
for the new import. They will see that what they are asked to do is not to main- 
tain the amount of national production, but merely to prevent a change in its 
character which will he accompanied by an increase in its amount. 

Take another example of Chinese obstructweness to desirable change. As 
great cities grow, it becomes convenient that their centres should be devoted to 
offices, warehouses, and shops, and that people who work in these places, and 
still more their families, should live in the outskirts. I do not know that anyone 
has denied this. Certainly the great majority are willing to admit it. At one 
time it is believed that a quarter of a million people lived in the square mile com- 
prised within the City of London ; no one supposes that would be convenient now. 
There is no reason to suppose that further change in the same direction will not 
be desirable in the future. Yet, incredible as it will appear to future generations, 
public opinion, the House of Commons, the London County Council, and some 
town councils think, or at any rate act as if they thought, that the process has 
now gone far enough and ought to be stopped ; as if the state of things reached 
about the year 1891 was to be permanent, to last for ever and ever. Private 
owners are indeed still allowed to pull down dwelling-houses and erect shops and 
offices, but they are abused for doing so, and their liberty is at least threatened. 
But if a new railway or a new street is made — in all probability with the inten- 
tion of increasing the accessibility of the centre from the auhurk— if e\'en a new 
London Board School is built, and houses inhabited by ])ersons who have less 
than a certain income are pulled down in any of these processes, it is required 
by law or parliamentary resolution that other houses for thes(^ people must 
be built in the neighbourhood. So it comes about that there are in quarters 
of London most unsuitable for the purpose enormous and repulsive barrack 
dwellings, the sites of which are devoted in secula smilonim to the housing 
of the working classes ; while the immense cost of devoting them t o this instead 
of to their proper purpose is debited to the cost of improving the facilitiies for 
locomotion or to education, and is defrayed principally by the rates on London 
property, which chiefly consists of houses, and to some extent by the liighcr 
charges on the railways consequent on the restriction of facilities for extension, 
hifty pounds a head is the average loss involved to the rates of London on (^very 
man, woman, and child for whom these dwellings are provided. hJuch is the 
wisdom of practical men uninformed by instruction in economic theory. 

This palpable absurdity could never have been perpetrated if the general 
working of the economic organisation had been understood. In tliut ease it 
would have been seen at once that the extrusion of over 1^00,000 inhabit ants 
from the City of London in the past, which is admitted to have been desirable, 
was effected by the quiet operation of the laws of value. It would have beciii 
seen that as it became desirable to turn the City to other purposes, t he ground 
in the City became too valuable to use as bedrooms and iis living- ro(uns for 
mothers and children, and this increase of value drove out the 200,000 inhabit- 
ants. It would have been seen that the change had not come to an end, and 
no responsible body would have dreamt of putting themselvevS in opposition to it 
by buying sites and writing them down to 2 per cent, of their actual value, in 
order that they might be tied up for ever and ever to be the homes of a certain 
number of persons with less than a certain income. If some unusually dense 
individual who had failed after many attempts to pass his examination in 
economic theory had proposed the policy which has been adopted, he would 
have been asked two questions ; first, ‘ What peculiar sanctity is there about the 
position occupied in the closing years of the nineteenth century f Why should 
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this be stereotyped for all timef Why should not the position at the end of the 
seventeenth centiny have been maintained \ Why should we not endeavour to 
restore the working classes to their old home in the City, and remove the Bank 
of England to Tooting ? ’ Secondly, ‘ Whom do you imagine you will benefit 
by the policy you propose ? ’ 

It is difficult to conceive of any answer to the first question. To the second 
the reply of the dunce would of course be that he thought the policy proposed 
would benefit the people housed on these expensive sites. This answer would 
at once be condemned as unsatisfactory. To build houses on land worth 100,000/., 
and let them to the first-comers of respectable antecedents at rents which would 
pay if the land were worth 2,000/., would be a very stupid sort of almsgiving if 
these respectable first-comers actually got the difference between the interest on 
the 100,000/. and the 2,000/. But no one supposes that they do get this difference 
or any considerable part of it. The difference is almost entirely pure loss to the 
community. The chief immediate effects of the policy are, first, to retain in the 
centre the men, women, and children who inhabit the dwellings ; secondly, to 
retain other workers who perform various offices for these inhabitants ; and thirdly, 
to ensure a supply of labour for factories which would otherwise (to the advantage 
of everyone concerned) be driven into the country by the pressure of the high 
wages necessary to bring workmen to the centre or to pay their house rent if 
they lived there. 

So much for the utility of economic theory in preventing obstruction of 
desirable changes. My second claim on its behalf is that it serves to hinder the 
adoption of specious but illusory projects. This, I think, may be illustrated by 
examples closely connected with those which we have already considered under 
the head of obstruction. 

The people who are most anxious to obstruct changes in the channels of trade 
which are coming about of themselves because they are profitable, are often 
extremely anxious to promote changes which will not come about of themselves 
because they are not profitable. For this end one of their most favourite devices 
at present is a State or municipal subsidy to locomotion or transport between 
particular points. So we have shipping subsidies, free grants to light railways, 
the construction of unprofitable telegraph lines by the post office, and the advocacy, 
at any rate, of the construction of unprofitable tramways by municipalities. The 
practical man, iininstructed in economic theory, feels uneasy about such projects 
because he does not see where he is to stop, and he feels obscurely that a universal 
subsidisation would mean ruin. But he does not see why he should not go a 
little way, and he goes sufficiently far to involve a loss quite worth considering. 
A knowledge of economic theory would come to his assistance by showing Mm 
that, as a rule, the most profitable enterprises are those which it is most desirable 
to undertake first, and that the subsidisation of the less profitable does not create 
new enterprises, but merely changes the order from the more desirable to the less 
desirable. I suppose that if in 1830 Parliament had offered a sufficient subsidy 
a railway might have been at once made and worked from Fort William to Fort 
Augustus, to the gveat satisfaction of the inhabitants of Fort Augustus and the 
intermediate places. But it is obvious that it was more desirable, in the interests 
of the whole community, that the railway from Fort William to Fort Augustus 
should wait for seventy years, and that the railway from Manchester to Liverpool, 
and many others, should be made first. 

Then, too, we find people who are not quite so stupid as to think the working 
classes should always remam in the places where they were at the end of the 
nineteenth century, alleging that the way to cure overcrowding is for local 
authorities to enter the building trade in a general way, and build houses inside or 
outside their districts, wherever it seems most convenient. To the mind uninstructed 
in economic theory it seems obvious that the larger amount of housing there is the 
less overcrowding there will be, ^nd that the more housing local authorities pro- 
vide the more housing there will , be. Economic theory, with its explanation of 
the general working of the organisation of production, suggests two objections. 
First, an addition to the hoiising in any locality will not be effectual in diminishing 
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overcrowding^ in so far as it attracts new inhabitants to the spot ; a policy wliicli 
assumes that the comparative plentifnlness of houses is not a factor in the deter- 
mination of the enormous and perpetual migration of people from place to place 
which is indicated in the tables of birthplaces and births and deaths in the census, 
is doomed to failure. Secondly, economic theory suggests the reflection that the 
mere fact of a local authority building some houses will not cause the whole 
number to he greater, if for every house built by the local authority one less is 
built by private enterprise, and that this is very likely to happen. Houses have 
been built by private enterprise in the past, and in these houses nearly the whole 
population is at present housed. I have seen an enthusiast for municipal housing 
stand in the empty streets of a town late at night, when every soul in the town 
was evidently housed, and say, in a tone of conviction, ‘Private enterprise has 
failed.’ In that town four small houses had been built by municipal enterprise 
and more than ten thousand by private enterprise, _ and private enterprise was 
adding hundreds every year, while the housing committee of the corporation was 
meeting once a year to re-elect its chairman. Is it likely that private enterprise 
will build as much when it is competed with or supplemented by— the term does 
not matter— municipal enterprise ? Why should it ? If the municipality turned 
baker, would the private bakers continue to bake as much bread ? Is not the 
attempt to stop overcrowding by inducing local authorities to build houses exactly 
the same thing and just as absurd as it would be to attempt to cui’e under-feeding 
by opening municipal butchers’ and bakers’ shops ? 

In the long run, I admit, experience teaches. Protection has fallen once in this 
country, and I have little doubt that it will fall again if it becomes considerable. 
The policy of obstructing the removal of dwellings from the centre of a great city 
already excites opposition in the London County Council, tliough unanimity still 
reigns in those last homes of extinct .superstitions, the Houses of Parliament. 
Chancellors of the Exchequer and finance committees may be trusted to offer a 
stout resistance, on what they call financial grounds, to any really great develop- 
ment of the system of subsidies. There is hope even that the municipal building 
policy may be checked by the laborious inquiries which show by statistics what 
everyone liiiows, that the poor are ill-fed and ill-clothed as well as ill-housed, and 
therefore lead people to consider how the poor may be made more able to pay for 
houses, among other things, instead of simply how houses may be built, in the 
absence of an effective demand for them. But I claim that, in matters such as 
these, a more widespread appreciation of economic theory, and the quickened 
intelligence which that would produce, would save us much painful experience, 
many expensive experiments, and an enormous mass of tedious investigation. 

Thirdly and, at any rate on the present occasion, lastly, I claim that the 
teaching and study of economic theory has great practical utility in promoting 
peace and good will between classes and nations. 

Between classes within the same nation the peacemaking iufliienct' of ecoinnnic 
theory lies chiefly in the fact that it tends to get rid of that stupid cry for ‘ rights ’ 
and ‘justice ’ which causes and exacerbates industrial and commercial quarrels, 
AVhen demand for some commodity falls, or supply from some new quarler arises, 
and profits and wages fall, the workers cry out that they are b(nng' unjustly 
treated, because they have the unfounded belief that reward is or ought Vo be 
proportional to moral merit, and they are not conscious of any diminution oi' their 
moral merit. They demand a living wago or a minimum wage and emplovment 
tor all who happen to have been hitherto employed in the trade, rend tlu< air with 
complaints, and get subscriptions from a compassionate but ill-infoi'med public. 
We cannot, of course, expect people who suffer by them to regard ev«ni the most 
beneficial operations ot the economic organisation with enthusiasm or eviui satis- 
faction. It would be absurd to do so. But all the same, it. is true that a wider 
apprehension of the fact that it is only by raising and lowering the advantagt^s 
offered by different employments that production is at present regulated so as to 
meet demand would not only diminish the dissatisfaction, but alsoj which is more 
important, diminish the actual suffering by causing transitions to be less 
obstinately resisted. The present fashion of deploring;’ rapid changes of trad{3 and 
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dwelling-place is a most unfortunate one ; the ordinary forms of labour do not, as 
a matter of fact, require such specialised ability that there should be much difBculty 
in changing from, one to another ; and surely it is much better for a man to work 
at several different things at different places in the course of his life than to stick 
for ever in the same place, surrounded by the same objects, going through the 
same monotonous round of duties. Anything which will weaken the present 
obstructive sentiment and lead people to regard the necessity of a change of 
employment or residence as a temporary inconvenience rather than a cruel injustice 
is to he warmly welcomed. 

It is not, however, only the poor and the industrious who would he taught by 
a greater knowledge of economic theory not to kick against very necessaiy pricks. 
The rich, both industrious and idle, would be taught to he far more tolerant than 
they are of attempts to diminish inequality of wealth by reducing the wealth of 
the rich as well as increasing that of the poor. The economist may be a little 
annoyed with the workman who insists that he ought to have thirty shillings a 
week for producing something worth fifteen shillings, or five shillings, or nothing 
at all, hut he can only have hearty contempt for the millionaire who holds up his 
hands in holy horror and murmurs ‘ confiscation/ ^ robbery,’ ‘ eighth command- 
ment,’ when it is proposed to relieve him of a fraction of a farthing in the pound 
in order to bring up destitute orphans to an occupation in which they may earn 
twenty-five shillings a week. The sangmine teacher of economic theory has hopes 
of making even such a man see that he has his wealth, not because Moses brought 
it down from Sinai, or because of bis own super-eminent virtue, but simply because 
it happens to be convenient, at any rate for the present, for society to allow him 
to hold it, whether he obtained it by inheritance or otherwise. In other words, 
that private property exists for the sake of production, not for the sake of the 
particular kind of distribution which it causes. Some, I know, say that the rich 
are so few that it does not much matter whether they acquiesce in the measure 
meted to them or not ; hut that is not the teaching of history, and I think you will 
agree with me that for the progress of the whole community it is, in practice, quite 
as important to secure the acquiescence of the rich as of the poor. 

In regard to international relations, the first business of the teacher of 
economic theory is to tear to pieces and trample upon the misleading military 
metaphors which have been applied by sciolists to the peaceful exchange of 
commodities. We hear much, for example, in these days of ‘England’s com- 
mercial supremacy,’ and of other nations ‘ challenging ’ it, and how it is our duty to 
‘repel the attack,’ and so on. The economist asks what is ‘ commercial supre- 
macy ? ’ and there is no answer. No one knows what it means, least of all those 
who talk most about it. Is it selling goods dear ? Is it selling them cheap ? Is 
it selling a large quantity of goods in proportion to the area or of the country ? 
or in proportion to its population ? or absolutely, without any reference to its area 
or population ? It seems to he a wonderful muddle of all these various and often 
contradictory ideas rolled into one. Yet what a pile of international jealousy and 
ill-feeling rests on that and equally meaningless phrases ! The teacher of economic 
theory analyses or attempts to analyse these phrases, and they disappear, and with 
them go the jealousies suggested by them. 

When misleading metaphors and fallacies are dismissed, we are left with the 
facts that foreign trade — the trade of an area under one government with areas 
under other governments — is merely an incident of the division of labour, and 
that its magnitude and increase are no measures of the wealth and prosperity of 
the country, but merely of the extent to which the country finds it convenient to 
exchange commodities of its own growth or manufacture for commodities produced 
elsewhere. If the city of York were made independent, and registered its imports 
and exports, they would come out far larger per head of population than those of 
the United Kingdom or any other great country. Should we he justified in 
concluding York to be far richer than any great country? If means were 
discovered of doubling the present produce of arable land with no increase of 
labour, much less corn would he imported into Great Britain and less of other 
goods would he export^ to pay for it ; the foreign trade of the country would 



REPORT— 1902. 


8 

eoiiflpquently be diminislied, but would the people be any less prosperous ? What 
jealousies, lieart-burninofs, and unfounded terrors leading to hatred would be 
extinguished if only these elementary facts were generally understood ! 

To anyone who has once grasped the main drift of economic theory, it will be 
plain that the economic ideal is not for the nation any more than for the family 
that it should buy and sell the largest possible quantity of goods. The true states- 
man desires for his countrymen, just as the sensible parent desires for his 
children, that they should do the best paid work of the world. This ideal is 
not to be obtained by wars of tariffs, still less by that much greater abomination, 
real war, with all its degrading accompaniments, but by healtli, strength and 
skill, honesty, energy, find intelligence. 
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This Section has had sixty-six Presidents, all different types of engineer. As 
each has had perfect freedom in choosing the subject for his Address, and each has 
known of the rule ^ that Presidential Addresses are not subject to debate after- 
wards, and as, being an engineer, he has always been a man of originality, of 
course he has always chosen a subject outside his own work. An engineer knows 
that the great inventions, the great suggestions of change in any profession, come 
from outsiders. Lawyers seem like fish out of water when trying to act as law- 
makers. The radical change that some of us hope to see before we die in the con- 
struction of locomotives will certainly not come from a locomotive superintendent 
who cannot imagine a locomotive which is not somehow a lineal descendant of 
the Rocket. 

Hence it is that in almost every case the President of this Section has devoted 
a small or large part of his Address to the subject of the education of engineers. I 
grant that every President has devoted his life to the education of one engineer — 
himself— and it is characteristic of engineers that their professional education 
proceeds throughout the whole of their lives. Perhaps of no other men can this 
be said so completely. To utilise the forces of Nature, to combat Nature, to com- 
prehend Nature as a child comprehends its mother, this is the pleasure and the 
pain of the engineer.^ A mere scientific man analyses Nature : takes a phenomenon, 
disieets it into its simpler elements, and investigates these elements separately in 
his laboratory. The engineer cannot do this. He must take Nature as she is, in 
all her exasperating complexity. He must understand one of Nature^s problems as 
a whole. He must have all the knowledge of the scientific man, and ever so much 
more. He uses the methods of the scientific man, and adds to them methods of his 
own. The name given to these scientific methods of his own or their results is 
sometimes ^ common-sense,’ sometimes ^character,’ or ^individuality,’ or ^ faculty,’ 
or ‘ business ability,’ or ^ instinct.’ They come to him through a very wide experi- 
ence of engineering processes, of acquaintance with things and men. No school or 

^ The Committees of Sections G and L have arranged a discussion on ‘ The Educa- 
tion of Engineers/ this Address being regarded as opening the discussion. Thus the 
rule is not in force this year. 

- Of all the unskilled labour of the present day, surely that of the modern poet is 
the most grotesque. How much more powerful and powerless man seems to us now ; 
how much more wonderful is the universe than it was to the ancients I Yet our 
too learned poets prefer to copy and recopy the sentiments of the ancients rather 
than try to see the romance which fills the lives of engineers and scientific men 
with joy. 
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college can do more than prepare a young man for this higher engineering educa- 
tion which lasts through life. Without it a man follows only rule of tliumh^ like 
a sheep following the bell-wether, or else he lets his inventiveness or love of theory 
act the tyrant. 

When a man has become a great engineer, and he is asked how it happened, what 
his education has been, how young engineers ought to he trained, as a rule it is a 
question that he is least able to answer, and yet it is a question that he is most ready 
to answer. He sees that he benefited greatly by overcoming certain difficulties in 
his life ; and forgetting that every hoy will have difficulties enough of his own, for- 
getting that although a few^ difficulties may he good for discipline many difficulties 
may be overwhelming, forgetting also that he himself is a very exceptional man, he 
insists upon it that those difficulties which were personal to himself ought to be 
thrown in the path of every hoy. It often happens that he is a man who is accus- 
tomed to think that early education can only he given through ancient classics. lie 
forgets the dulness, the weariness of his schooldays. Whatever pleasure he had in 
youth— pleasure mainly due to the fact that the average Anglo-Sa.von boy invents 
infinite w'ays of escaping school drudgery — he somehow connects with the fact that 
he had to learn classics. Being an exceptional boy, hewmsnot altogether stupefied, 
and did not altogether lose his natural inclination to know .something of liis own 
language ; and he is in the habit of thinking that he learnt English through Latin, 
and” that ancient classics are the best mediums through which an English boy can 
study anything.^ The cleverest men of our time have been brouglit up on the 
classics, and so the engineer who cannot even quote correctly a tag from the Ijatin 
grammar, wffio never knew anything of classical literature, insists upon it that a 
classical education is essential for all men. He forgets the weary lioni’s lie spent 
getting off Euclid, and the relief it was to escape from the class-room not quite 
stupefied, and he advocates the study of pure mathematics and abstract dynamics as 
absolutely necessary for the training of the mind of every young engineer. I have 
known the ordinary abominable system of mathematical study to be advocat ed by 
engineers who, because they had passed through it themselves, had really got to 
loathe all kinds of mathematics higher than that of the grocer or housekeeper. 
They said that mathematics had trained their minds, but they did nor need it in 
their profession. There is no profession which so much requires a man to have 
the mathematical tool always ready for use on all sorts of prohh^ms, the mathi*- 
matical habit of thought the one most exercised by him ; and yet these men imsist 
upon it that they can get all their calculations done for them* by mathematicians 
paid so much a week. If they really thought about what they were saying, it 
would be an expression of the greatest contempt for all engineering cnmput.ation and 
knowledge. He was pitchfoihed into works with no knowledge of mathematics, 
or dynamics, or physics, or chemistry, and, worse still, ignorant of the methods of 
.study which a study of these things would have produced; into w'orks where 
there w^as no man whose duty it was to teach an apprentice ; and because he, one 
in a thousand, has been successful, he assures us that this pitch fork' ing process is 
absolutely necessary for every young engineer. He forgets that the average boy 
leaves an English school with no power to think for himself, with a hat,3*ed fur 
books, with less than none of the knowledge which might help him to iindcn’stand 
what he sees, and he has learnt what is called mathematics in such a fashion that 
he hates the sight of an algebraic expression all his life after. 

I do not want to speak of hoys in general. I want only to speak of the boy 
who may become an engineer, and before speaking of his training I want to men- 
tion his essential natural qualification — that he really wishes to become an engineer. 

I take it to be a rule to which there are no exceptions that no bov ouglit to (uiter 
a profession— or, rather, to continue in a profession— if lie does not love it. all 
know the young man who thinks of engineering things during office hours and 

' ^ho talk so much of learningrEnglisb through Latin neglect 

in the most curious ways those Piatt- Deutech languages, Dutch and Scandinavian, a 
knowledge of which is ten times more valuable in the study of what is becoming llu* 
speech ot the world, And how they do scorn Lowland Scotch ! 
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never thinks of them outside office hours. We know how his fond mother talks of 
her son as an engineer who, with a little more family influence and personal favour, 
and if there was not so much competition in the profession, would do so well It 
is true, family influence may perhaps get such a man a better position, hut he will 
never he an engineer. He is not fit even to he a hewer of wood and drawer of water 
to engineers. Love for Ms profession keeps a man alive to its interests all his time, 
although, of course, it does not prevent his taMng an interest in aH sorts of other 
things as well ; hut it is only a professional problem that warms him through with 
enthusiasm. I think we may assume that there never yet was an engineer worth 
his salt who was not fond of engineering, and so I shall speak only of the educa- 
tion of the young man who is likely to he fond of engineering. 

How are we to detect this fondness in a hoy F I think that if the general educa- 
tion of all hoys were of the rational kind which I shall presently describe, there 
would be no great difficulty ; but as the present academic want of system is likely 
to continue for some time, it is well to consider things as they are. Mistakes must 
be made, and the parent who tries during the early years of his offspring to find out 
by crafty suggestion what line his son is likely to wish to follow will just as probably 
do evil by commission as the utterly careless parent is likely to do evil by omission. 
He is like the botanical enthusiast who digs up plants to see how they are getting 
on. But in my experience the Anglo-Saxon boy can stand a very great deal of 
mismanagement without permanent hurt, and it can do no kind ojf boy any very 
great barm to try him on engineering for a while. Even R. L. Stevenson, whose 
father seems to have been veiy persistent indeed in trying to make an engineer of 
him against his will, does not seem, to a Philistine like myself, to have been really 
hurt as a literary man through his attendance on Fleeming Jenkins’ course at 
Edinburgh— on the contrary, indeed. It may be prejudice, but I have always 
felt that there is no great public person of whom I have ever read who would not 
have benefited by the early training which is suitable for an engineer. I am glad 
to see that Mr. "\Fells, whose literary fame, great as it is, is still on the increase, 
distinguishes the salt of the earth or saviours of society from the degraded, use- 
less, luxurious, pleasure-loving people doomed to the abyss by their having had 
the training of engineers and by their possessing the engineer’s methods of thinking. 

It may be that there are some boys of great genius to whom all physical 
science or application of science is hateful. I have been told that this is so, and 
if so I still tliink that only gross mismanagement of a youthful nature can have 
produced such detestation. For such curious persons engineering experience is, of 
course, quite unsuitable. 1 call them ^curious ’ because every child’s education in 
very early years is one in the methods of the study of physical science ; it is 
Nature’s own method of training, which proceeds successfully until it is inter- 
fered with by ignorant teachers who check all power of observation, and the 
natural desire of every boy to find out things for himself. If he asks a question, 
he is snubbed ; if he observes Nature as a loving student, he is said to he lazy and 
a dunce, and is punished as being neglectful of school work. Unprovided with 
apparatus, he makes experiments in his own way, and he is said to be destructive 
and full of mischief. But however much we try to make the wild ass submit to 
bonds and the unicorn to abide by the crib, however bullied and beaten into the 
average schoolboy type, I cannot imagine any healthy boy suffering afterwards 
by part of a course of study suitable for engineers, for all such study must follow 
Nature’s own system of observation and experiment. Well, whether or not a 
mistake has been made, I shall assume the boy to be likely to love engineering, 
and we have to consider bow he ought to be prepared for bis profession. 

I want to say at the outset that I usually care only to speak of the average 
boy, the hoy usually said to be stupid, ninety-five per cent, of all boys. Of the boy 
said to be exceptionally clever I need not speak much. Even if he is pitchforked 
into works immediately on leaving a bad school, it will not be long before he 
chooses his own course of study and follows it, whatever course may have been 
laid down for him by others- I recollect that when in 1863 1 attended an evening- 
class held in tlie Model School, Belfast, under the Science and Art Department, 
on Practical Geometry ^id Mechanical Drawing, there was a young man attending 

^ (I — 2 
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it who is now ^”611 known as the Right Honourable William J. Pirrie. He had 
found out for himself that he needed a certain kind of knowledge if he was to 
escape from mere rule-of-tliumb methods in shipbuilding work ; it could at 
that time be obtained nowhere in the North of Ireland except at that class, and of 
course he attended the class. For forty-two years the Science and Art Depart- 
ment, which has recently doubled its already great efficiency, has been giving 
chances of this kind to eveiy clever young man in the country, from long before 
any Physical Science was taught in any English public scboold The one essential 
thing for the exceptional boy is that he shall find within his reach chances to 
take adt^antage of ; chances of learning ; chances of practice ; and, over and above 
all, chances of meeting great men. It takes me off my subject a little, but I 
should like here to illustrate this matter from my own personal experience. 

I had already been an apprentice for four years at the Lagan Foundry when I 
entered Queen’s College for a course of Civil Engineering. I suppose that there 
never wms on this earth a college so poorly equipped for a course of engineering 
study. Even the lecture room — this lecture room in which you are now sittino-— . 
was borrowed from the Physics Professor. There was a narrow passage, ironicallv 
called a ‘ Drawing Room,’ and this was the only space reserved for engineering in a 
town whose engineering work was even then* very important. There were some 
theodolites and levels and chains for surveying, but nothing else in the way of 
apparatus. But there was as Professor a man of very great individuality; he 
acted as President of this Section twenty-eight years ago. I can hardly express 
my obligations to Professor James Thomson. It was my good fortune to be a 
pupil both of this great man and of his younger brother Lord Kelvin, as well as 
of Dr. Andrews. It is not because these three men w^ere born in Belfast that we 
here call them great. It is not because Tait, late of Edinburgh, and Parser, now 
the President of Section A, were professors at this College that we call them great. 
Ail the scientific men of the world are agreed to call tliese men very great indeed.* 
Tn come in contact with any of them, even for a little while, as a student, altered 
for ever one’s attitude to Nature. It was not that they gave us information, 
knowledge, facts. The syllabuses of their courses of study were nothing like so 
perfect as that of the smallest German polytechnic. And*yet if a jmuth with a 
liking for physical science had gone to a German Gymnasium to the age of nine- 
teen, and had become a walking encyclopaedia on leaving one’s polytechnic at the 
age of twenty-four, the course of that life-study would not have done for him as 
much good as was done by a month’s contact with one of these men. People call 
it ‘ personal magnetism,’ and think there is something occult about it. In truth 
they revealed to the student that he himself was a man, that mere learning was 
unimportant, that one’s own observation of some common phenomenon might lead 
to important results unknowm to the writers of books. They made one begin to 
think for oneself for the first time. Let me give an example of how the thine* 
worked. ® 

James Thomson was known to me as the son of the author of my best 
mathematical books, but more particularly as the man who had first used Qarnot’s 
g-inciple in combination with the discovery of Joule, and I often wondered why 
Rankine and Clausius and Kelvin got all the credit of the discovery of the second 

£ thermodynamics. Men think of this work of his merely as havin®* given 
the first explanation of regelation of ice and the motion of glaciers. He was 
known to me as the inventor of the Thomson Turbine and Centrifugal Pump and 
Jet Pump. His name was to be found here and there in all my text-books, 
always m connection with some thoroughly well-worked-out investigation, as it is 
to be tound m all good text-books now; for wherever he left a subject, there that 
pbject has remained until this day ; nobody has added to it or found a mistake 
m It. He was to me a very famous man, and yet he treated me as a fellow- 


I once stated that my workshop at Clifton Cpllege in 1871 was the first school 
workshop m England. I understand that this is a mistake ; there had been a work- 
shop^ at Rossall for some years. But I believe I am right in saying that my 
physical laboratory at Clifton was the first school laboratory in England. These 
ideas were not mine : they were those of the IJ sadmaster, no; 5 \^ the Bishop of Hereford 
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student. One of his early lectures was about liowiiig walor, and he told us of a lot 
of things he had observed, which I also had observed without much thought ; and 
he showed how these simple observations completely destroyed the value of every- 
thing printed in every text-book on the subject of water flowing over gauge- 
notches, even in the otherwise very perfect Eankine. I felt how stupid I had been 
in not having drawn these conclusions myself, but in truth till then I had never 
ventured for a moment to criticise anything in a book, I have been a cautious 
critic of all statements in text-hooks ever since. If any engineer wants to 
read what is almost the most instructive paper that has ever been written for 
engineers, let him refer to the latest paper written by James Thomson on this 
subject.’ The reasoning there given was given to me in lectures in this very room 
iu 1868, and had been given to students for many years previous. 

Again, soon afterwards, he let me see that although I had often looked at the 
whirlpool iu a basin of water when the central bottom hole is open, and although 
1 had read Edgar Allen Poe’s mythical description of the Maelstrom, I had been 
very much too careless in my observation. Among other things, Thomson had 
observed that particles of sand gradually passed along the bottom towards the 
hole. When he found out the cause of this, it led him at once to several dis- 
coveries of great importance. Indeed, the study of this simple observation gave 
rise to all his work on (1) What occurs at bends of pipes and channels, and why 
rivers in alluvial plains bend more and more; ( 2 ) The explanation of the curious 
phenomena that accompany great forest fires ; (3) The complete theory of the 
great wind circulation of the earth, published in its final form as the Bakerian 
Lecture of the Royal Society in 1892, 

But why go on ? He taught me to see that the very commonest phenomenon 
bad still to reveal important secrets to the understanding eye and brain, and that 
no man is a true student unless be is a discoverer. And so it was with Kelvin 
and Andrews. Their names were great before the world, and yet they treated one 
as a fellow-student. Is any expenditure of money too large if we can obtain 
great men like these for our Engineering Colleges? Money is wanted for 
apparatus, and more particularly for men, and we spend what little we have on 
bricks and mortar ! 

The memory of a man so absolutely honest as Professor James Thomson was 
compels me to say here that I was in an exceptionally fit state to benefit by 
contact with him, for 1 hungered for scientific information.' I do not think that 
there was so much benefit for the average student whose early education had 
almost unfitted him for engineering studies. To work quantitatively with 
apparatus is good for all students, hut it is absolutely necessary for the average 
student, and, as I said before, there was no apparatus. Also the average student 
cannot learn from lectures merely, hut needs constant tutorial teaching, and the 
Professor had no assistant. 

Anybody who wants to know what kind of engineering school there ought to be 

’ Brit. Assoc. Report^ 1876, pp. 243-266. 

' Some of our most successful graduates went direct to works from the Model 
Hchool, Belfast, and afterwards attended this College. No school in the British 
Islands could have given better the sort of general education which I recommend 
for all boys. English subjects were especially well taught, so that boys became fond 
of reading all manner of books. There were good classes in freehand and machine 
drawing, classes in chemistry and physics (at that time I believe that there were no 
such classes in any English public school), and the teaching of mathematics was good. 
Some of the masters started classes also under the Science and Art Department. 
Some of the masters had much individuality, and there was no outside examination 
to restrain it ; there was only encouragement. Evidence has been given before a 
committee of the London School Board as to the excellence of the teaching at this 
school forty years ago. Foreign languages were not in the regular curriculum, but 
they could be studied by boys inclined that way ; and in my opinion this is the 
position that all languages other than English ought to take in any British school 
With such preparation a boy was eager and able to understand what went on in 
engineering works from his 'first day there. 
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ill siicii a collegu as this can see excellent specimens (sometimes sevej*al in one town) 
in Glasgow, Birmingham, Liverpool, London, IMaiichester, Leeds, Bristol, Notting- 
ham, Edinburgh, and other great cities. There the fortunate manuiacturers have 
given many hundreds of thousands of pounds tor instruction in applied scienco 
(engineering). In America the ec[uipmeiit ol such schools is much more^ thorough, 
and there are large staffs of teachers, for fortunate Americans have contributed tens 
of milHona of pounds for this kind of assistance to the rising generation. Germany 
and Switzerland compete with America in such preparation lor supremacy in 
manufacture and engineering, and nearly every country in the world is more and 
more recognising its importance as they see the gi'eat inventions of Englishmeji 
like Faraday and Perkin and Hughes and • Swan developed almost altogether in 
those countries which believe in education. Even one hundred thousand pounds 
would provide Queen’s College, Belfast, with the equipment of an engineering 
school worthy of its traditions and position, and Belfast is a city in which many 
large business fortunes have been made. 

It is interesting to note that the present arrangements of the Koyal University 
of Ireland, with which this College is affiliated, are such that most of the successful 
graduates in engineering of Queen’s University would now be debarred from 
taking the degree. Even in London University, Latin is not a compulsory subject 
for degrees in science ; Ireland has taken a step backwards towards the Middle 
Ages at the very time when other countries are stepping forward. 

Well-equipped schools of applied science are getting to be numerous, but J am 
sorry to say that only a few of the men who leave them every year are really 
likely to become good engineers. The most important reason for this is that the 
students who enter them come usually from the public schools ; they cannot write 
English ; they know nothing of English subjects ; they do not care to read any- 
thing except the sporting news in the daily papers ; they cannot compute ; they 
know nothing of natural science ; in fact, they are quite deficient in that kind of 
general education which every man ought to have. 

I am not sure that such ignorant boys would not benefit more by entering 
works at once than by entering a great engineering school. They cannot follow 
the College courses of instruction at all, in spite of having passed the entrance 
examination by cramming. Whereas after a while they do begin to understand 
what goes on in a workshop ; and if they have the true engineer’s spirit, their 
workshop observation will greatly correct the faults due to stupid schoolwork.’ 

Perhaps I had better state plainly my views as to what general education is 
best for the average English^ hoy. The public schools of England teach English 
through Latin, a survival of the time when only special boys were taught at all, 
and when there wa^ only one language in which people wrote. Now the emrage 
hoy is also taught Latin, and when he leaves school for the army or any other 
pursuit open to average boys he cannot write a letter, he cannot construct a 
grammatical sentence, he cannot describe anything he has seen. The public- 
school curriculum is always growing, and it is never subtracted from or rearranged. 
There is one subject which ordinary schoolmasters can teach well-— Latin.” 

^ When I was young 1 remember that there w^cre many agrioiiltunil colleges in 
Ireland ; they have all but one been failures. Why '! Because the entering pupils 
were not prepared by early education to understand the instniciion ; this had done 
as much as possible to unfit them. 

Only one subject — Latin — ^is really educational in our schools. 1 do not mean 
that the average boy reads any Latin author after ho leaves school, or knows any 
Latin at all ton years after he leaves school. 1 do not mean tliat his J;atin helps 
him even slightly in learning any modern language, for he is always found to be 
ludicrously ignorant of i'rench or German, even after an elaborate course of instruc- 
tion in these languages. I do not mean that his Latin helps him in studying English, 
for he can hardly write a^sentence without error. I do^not mean that it makes him fond 
of literature, for of ancient literature or history he never has any knowledge except 
^at Csesar wrote a book for the third form, and on English literature his mind is a 
blank. But I do mean that as the ordinary public-school master is really able to give 
a Doy easy menial exercises through the study of Latin, thi^j, subject is in quite a 
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Thu other usual Jiine subjects have gradually been added to the curriculiiDi 
for examination purposes; tliey are taugbt in water-tight compartments — 
01*5 rathei’; they are only crammed, and not taught at all. Our school system 
resembles the ordinary type of old-established w’orks, where gradual accretion has 
produced a higgledy-piggledy set of shops which one looks at with stupe- 
faction, for it is impossible to get business done in them well and promptly, and 
yet it seems impossible to start a reform anywhere. What is wanted is an 
eartliquake or a lire — a good lire — to destroy the whole works and enable the 
business to he reconstructed on a consistent and simple plan. And for much the 
same reason our whole public-school system ought to he ' scrapped.’ What wq 
want to vsee is that a hoy of fifteen shall be fond of reading, shall be able to com- 
pute, and shall have some knowledge of natural science ; or, to put it in another 
way, that he shall have liad mental traiuing in the study of his own language, in 
the experimental study of mathematics, and in the methods of the student of 
natural science. Such a hoy is lit to begin any ordinary profession, and whether 

different position from that of the others. If any proof of this statement, is wanted, 
it will be found in the published utterances of all sorts of men—military officers, 
business men, lawyers, men of science, and others — who, confessedly ignorant of * the 
tongues,’ get into a state of rapture over their school experiences and the efficiency 
of Latin as a means of education. All this comes from the fact, which schoolboys 
are sharp enough to observe, that English schoolmasters can teach Latin well, and 
they do not take much interest in teaching anything else. It i.s a power inherited 
from the Middle Ages, when there really was a simple system of education. I ask 
for a return to simplicity of system. English (the King’s English ; I exclude 
Johnsonese) is probably the richest, the most complex language, the one most worthy 
of philologic study ; English literature is certainly more valuable than any ancient 
or modern literature of any one other country, yet admiration for it among learned 
Englishmen is wonderfully mixed with patronage and even contempt. At present, 
is there one man who can teach English as Latin is taught by nearly every master of 
every school ? Just imagine that English could be so taught by teachers capable of 
rising to the level of our literature ! 

I have often to give advice to parents. 3 find the average parent exceedingly 
ignorant of his son’s character or inclinations or ability. He pays a schoolmaster 
liandsomely for taking his son ofi his hands except during holidays. During the 
holidays, so terrible to a parent, he sees his son as little as possible. One question 
always asked is : Do you think it better to have ‘ theoretical ’ instruction (they 
always call it by this absurd name) before or after an actual apprenticeship in 
works '/ Of course, such a question cannot be answered offhand. You tell the parent, 
to his great astonishment, that you must see the boy himself. When at length you 
see him, the chances are that you will find him to be wbat the schoolmasters are 
making of all our average boys. No part of bis school work has been a pleasure to 
him, and, although he has had to work hard at his books, not one of the above three 
powers is his—power to use books and to write his own language ; the language of 
his nurse, his mother, his mistress that is to be, his enemies and friends ; the only 
language in which he thinks — power to compute and a liking for computation — 
power to understand a little of natural phenomena. Honestly I practically never 
find that such a boy has had any education at all except what he has obtained at home 
or from his school companions or from his sport’S. Even his sports are to keep him 
healthy of body only and not at all to cultivate his mental powers. Those old games 
like ‘ Prisoners’ Base,’ which really developed in a wonderful way not only all the 
muscles of the body, but also the thinking power, are scorned in the public schools. 
Think now how such a boy is handicapped if we pitchfork him into works where it 
is nobody’s duty to teach him anything, or send him to college, where he cannot 
understand the lectures. Of course, if he is very eager to be an engineer he will, by 
hook or by crook, get to understand things. I have met some such men —clever, suc- 
cessful engineers in spite of all sorts of adverse circumstances— but the best of them 
are willing to admit that they are,^nd have always been, greatly hurt by the absence 
of the three powers which I have specified. And if this has been so in the past, when 
the scientific principles underlying engineering have been simple, bow much more 
so is it now, when every new discovery in physics is producing new branches of 
engineering- ! ^ 
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lie is to enter tbe Cbiircl], or take up medicine or surgery, or become a soldier, 
every boy ought to have this kind of training. When I have advocated this kind 
of education in the past I have usually been told that T was thinking only of boys 
who intend to be engineers ; that it was a specialised kind of instruction.^ But 
this is very untrue. Let me quote from the recommendations of the 1902 Military 
Education Committee (Report, p. o) : — 

^The fifth subject which may he considered as an essential part of a sound 
general education is experimental science ; that is to say, the science of physics and 
chemistry treated experimentally. As a means of mental training, and also 
viewed 'as useful knowledge, this may be considered a necessary part of the 
intellectual equipment of every educated man, and especially so of the officer, 
whose profession in all its branches is daily becoming more and more dependent on 
science.’ When statements of this kind have been made by some of us in the 
past, nobody has paid much attention; but T beg you to observe that the head- 
master of Eton and the headmaster of St. Paul’s School are two of the members 
of the important Committee who signed this recommendation, and it is impossible 
to ignore it. Last year, for the first time, the President of the Royal Society made 
a statement of much the same kind, only stronger, in his annual address. I am 
glad to see that the real value of education in physical science is now appre- 
ciated; that mere knowledge of scientific facts is knowm to be unimportant 
compared with the production of certain habits of thought and action which the 
methods of scientific study usually produce. 

As to English, the Committee say: ^They have no liesitatiou in insisting 
that a knowledge of English,^ as tested by composition, together with an acquaint- 
ance with the main facts of the history and geo^'aphy of the British Empire, 
ought in future to hold thejlrst place in the examination and to be exacted from 
all candidates.’ The italics are mine. It will be noticed that they say nothing 
about the practical impossibility of obtaining teachers. As to mathematics, the 
Committee say: 'It is of almost equal importance that every officer should have 
a thorough grounding in the elementary part of mathematics. But they think that 
elementary mechanics and geometrical drawing, which under the name of practical 
geometry is now often used as an introduction to theoretical instruction, should be 
added to this part of the examination, so as to ensure that at this stage of instruction 
the practical application of mathematics may not be left out of sight.’ As Sir Hugh 
Evans would have said, ' It is a very discretion answer — the meaning is good ’ ; but 
I would that the Committee had condemned abstract mathematics for these army 
candidates altogether. 

This report appears in good time. It would be well if Committees would sit 
and take evidence as to the education of men in the other professions entered by 
our average boys. It is likely that when an authoritative report is prepared on 
the want of education of clergymen, for example, exactly the same stat,ement8 
will be made in regard to the general education which ought to precede the 
technical training ; hut perhaps a reference may be made in the report to the 
importance of a study of geology and biology as well as physical science. Think 
of the clergyman being able to meet his scientific enemies in the gate ! 

’ This Committee recommends for the Woolwich and Sandhurst candidates a 
Teform that has already been carried out by London University. No dead language 
is to be compulsory, but unfortunately some language other than English is still to 
be compulsory. Those boys, of whom there are so many, who dislike and cannot 
learn another language are still to be labelled ‘uneducated.’ Must there, then, be 
national defeat and captivity before our chosen race gives up its false academic 
gods ? We think of education in the most slovenly fashion. The very men who say 
that utility is of no importance are the men who insist on the usefulness of a 
knowledge of French or German. They say that a man is illiterate if he knows only 
English, although he may be familiar with all English literature and with other 
hteratures through translations. The man who has passed certain examinations in 
ms youth and never cares to read anything is said to be educated. The men of the 
city of the Violet Crown, were they not educated ? And did they know any other 
than their own language ? 
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Thanks mainly to the efforts of a British Association Committee, really good 
teaching of experimental science is now being introduced into all public schools, 
in spite of most persistent opposition wearing an appearance of friendliness. In 
consequence, too, of the appointment of a British Association Committee last 
year, at what might be called the psychological moment, a great reform has 
already begun in the teaching of mathematics.^ Even in the regulations for the 
Oxford Locals for 1903 Euclid is repudiated. It seems probable that at the end of 
another five years no average boy of fifteen years of age will have been compelled 
to attempt any abstract reasoning about things of which he knows nothing ; he 
will be versed in experimental mathematics, which he may or may not call mensura- 
tion j he will use logarithms, and mere multiplication and division will be a joy 
to him ; he will have a working power with algebra and sines and cosines ; he 
will be able to tackle at once any curious new problem which can be solved by 
squared paper; and he will have no fear of the symbols of the infinitesimal 
calculus. When I insist that a hoy ought to be able to compute, this is the sort 
of computation that I mean. Eive years hence it will be called ' elementary mathe- 
matics.’ Four years ago it was an unorthodox subject called ^practical mathe- 
matics,’ but it is establishing itself in every polytechnic and technical college 
and evening or day science school in the country. Several times I have been 
informed that on starting an evening class, when plans have been made for a 
possible attendance of ten or twenty students, the actual attendance has been 200 
to 300. Pupils may come for one or two nights to a class on academic mathe- 
matics, but then stay away for ever ; a class in practical mathematics maintains 
its large numbers to the end of the winter.® 

Hitherto the average boy has been taught mathematics and mechanics as if he 
were going to be a Newton or a Laplace ; he learnt nothing and became stupid. I 
am sorry to say that the teaching of mechanics and mechanical engineering through 
experiment is comparatively unknown. Cambridge writers and other writers of 
books on experimental mechanics are unfortunately ignorant of engineering. Univer- 
sity courses on engineering — with one splendid exception, under Professor Ewing 
at Cambridge— assume that undergraduates are taught their mechanics as a logical 
development of one or two axioms ; whereas in many technical schools under the 
Science and Art Department apprentices go through a wonderfully good laboratory 
course in mechanical engineering. We really want to give only a few fundamental 
ideas about momentum and the transformations of energy and the properties of 
materials, and to give them from so many points of view that they become part, of 
a student’s mental machinery, so that he uses them continually. Instead of giving 
a hundred labour-saving rules which must be forgotten, we ought to give the one 
or two ideas which a man’s common-sense will enable him to apply to any problem 
whatsoever and which cannot be forgotten. A boy of good mathematical attain- 
ments may build on this experimental knowledge afterwards a superstructure 
more elaborate than Eankine or Kelvin or Maxwell ever dreamt of as being 
possible. Every boy wiU build some superstructure of his own. 

I must not dwell any longer on the three essential parts of a good general 
education which lead to the three powers which all boys of fifteen ought to 
possess ; power to use books and to enjoy reading ; power to use mathematics and 
to enjoy its use ; power to study Nature sympathetically. English Board School 
boys who go to evening classes in many technical schools after they become 
apprentices are really obtaining this kind of education. The Scotch Education 
Board is trying to give it to all boys in primary and secondary schools. It will, 
I fear, be some time before the sons of well-to-do parents in England have a 
chance of obtaining it. 

When a boy or man of any age or any kind of experience enters an engineering 

^ Discussion last year and report of Committee, published by Macmillan. 

® To many men it will seem absurd that a real working knowledge of what is 
usually called higher mathematics, accompanied by mental training, can be given to 
the average boy. In the same way it seemed absurd 600 years ago that power to 
read and write and cipher could be given to everybody. These general beliefs of 
ours are very wonderful. 
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college and wishes to leain the scientific principles underlying a trade or profession, 
how°ought we to teach him? Here is the reasonable general _ principle which 
Professors Ayrton and Armstrong and I have acted upon, and which has so far led 
us to much success. Whether he comes from a had or a good school, whether he 
is an old or young hoy or man, approach his intelligence through the knowledge 
and experience he already possesses. This principle involves that we shall compel 
the teacher to take the pupil’s point of view ^ rather than the pupil the teacher’s ; 
give the student a choice of many directions in which he may study ; let lectures 
be rather to instruct the student how to teach himself than to teach him ; show 
the student how to learn through experiment, and how to use books, and, except 
for suggestion and help when asked for, leave him greatly to himself. If a 
teacher understands the principle he will have no difficulty in carrying it out with 
any class of students. I myself prefer to have students of very different qualifica- 
tions and experience in one class because of tbe education that each gives to the 
others. Usually, however, except in evening classes, one has a set of boys coming 
from much the same kind of school, and, although perhaps differing considerably 
as to the places they might take in an ordinary examination, really all of much 
the same average intelligence. Perhaps I had better describe how the principle is 
carried ont in one case— the sons of well-to-do parents such as now leave English 
schools at about fifteen years of age. 

It was for such boys that the courses of instruction at the Finsbury Technical 
College (the City and Guilds of London Institute) were arranged twenty-two 
years ago. It was attempted to supply that kind of training which ought already 
to have been given at school, together with so much technical training as might 
enable a hoy at the end of a two years' course to enter any kind of factory where 
applied scieuce was important, with an observing eye, an understanding brain, and 
a fairly skilful hand. Tbe system, in so far as it applies to various kinds of 
mechanical engineering, will be found described in one of a, small collection of 
essays called ‘ England’s Neglect of Science,’ pp. 57-67.'^ I am sure that any 
engineer who reads that description will feel satisfied that it was the very best 
course imaginable for the average boy of the present time. A boy was taught how 
he must teach himself after he entered works. If after two or three years in the 
works he cared to go for a year or so to one of the greater colleges, or did not 
so care, it was assumed that he had had such a training as would enable him to 
choose the course which was really the best for him. 

Old Einshury students are to be found everywhere in important posts. The 
experiment has. proved so successful that every London Polytechnic, every Muni- 
cipal Technical School in the country, has adopted the system, and in the present 
state of our schools I feel sure that all important colleges ought to adopt the 
Finsbury system. It hardly seems appropriate to apply the word ‘ system ’ to wbat 
was so plastic and uncrystallised and had nothing to do with any kind of ritual. 

‘ Usually it is assumed that there is only one line of study, In mathematics it is 
assumed that a boy has the knowledge and power and past experience and leisure of 
an Alexandrian philosopher. In mechanics we assume the boy to be fond of abstract 
reasoning, that he is a good geometrician who can do the most complex things in 
geometrical conics, but cannot possibly take in the simplest idea of the calciiluH. 

The ideas in this Address have been put forward many times by Professor 
Ayrton and myself. See the following, among other publications 
Neglect of Science (Fisher Unwin) ; Pmctical MccMnicH, 1881 (Cassell); Aj)pbk4 
Mechanics, 1897 (Cassell) ; The Stemn. Mngine, 4"^., 1898 (Macmillan); The Calculus 
for Migineers, 1897 (Arnold) ; Recent Syllabuses and Examination Papers of the 
Science and Art Department in Subjects I., YIL, V>, and- XXII. ; Summary of 
Lectures on Practical Mathematics (Board of Education) ; Tbe Work of the City 
and Guilds Central Technical College {Journal of the Society of Arts, July 9, 1897) ; 
Inaugural Lecture at Finsbury, 1879 ; Address at the Coventry Technical Institute, 
February 1898; ‘Education of an Electrical Engineer’ {Journal of the Society of 
Telegraph Engineers and of BlectrieianSt September 1882) ; Presidential Address, 
Institution of Electrical Engineers, January 1892 ; ‘ The Best Education for an 
Engineer’ {Nature), October 12, 1899; Address at a Drawing-room Meeting, March 
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The Professors were given a free hand at Finsbury, and there were no outside 
examiners. I need not dwell upon the courses in Chemistry and Physics ; some 
critics might call the subjects Rational Chemistry and Applied Physics ; they were 
as different from all other courses of study in these subjects as the courses on 
National Mathematics and Mechanics differed from all courses elsewhere. The course 
on Mechanics was really one on Mechanical Engineering. There were workshops in 
wood and iron, not to teach trades, but rather to teach boys the properties of 
materials. There were a steam-engine and a gas-engine, and shafting and gearing 
of many kinds, and dynamos which advanced students in turn were allowed to 
look after under competent men. There was no machine which might not he 
experimented with occasionally. Elementary and advanced courses of lectures 
were given ; there was an elaborate system of tutorial classes, where numerical 
and squared paper exercise work was done ; there were classes in experimental 
plane and solid geometry, including much graphical calculation ; hoys were taught 
to make drawing-office drawings in pencil only, and tracings and blue prints, such 
as would be respected in the workshop, and not the ordinary drawing-class 
drawings, which cannot he respected anywhere ; but the most important part of 
the training was in the Laboratory, in which every student worked, making 
quantitative experiments. An offer of a 100-ton testing-machine for that laboratory 
was made but refused ; the advanced students usually had one opportunity 
given them of testing with a large machine, hut not in their own laboratory. I 
consider that there is very little educational value in such a machine ; the student 
thinks of the great machine,^ and not of the tiny specimen. Junior students 
loaded wires and beams, or twisted things with very visible weights, and saw 
exactly what was happening, or they studied vibrating bodies. Many hours were 
devoted to experiments on a battered, rusty old screw-jack, or some other lifting- 
machine, its efficiency under many kinds of load being determined, and students 
studied their observations using squared paper, as intently as if nobody had ever 
made such experiments before. There was one piece of apparatus, an old fly-wheel 
bought at a rag-and-bone shop, to which kinetic energy was given by a falling 
weight, which, I remember, occupied the attention of four white-headed directors 
of Electric Companies in 1882 (evening students) for many weeks. A casual first 
measurement led on to corrections for friction and stiflhess of a cord, and much else 
of a most interesting kind. At the end of six weeks these gentlemen had gained 
a most thorough computational acquaintance with every important principle of 
mechanics, a knowledge never to be forgotten. They had also had a revelation 
such as comes to the true experimenter — but that is too deep a subject. 

Perhaps teachers in the greater colleges will smile in a superior way when 
' they hear of this kind of experimental mechanics being' called engineering labora- 
tory work. True, it was elementary mechanics ; but is not every principle which 
every engineer constantly needs called a mere elementary principle of mechanics 
by superior persons? I find that these elementary principles are very much 

* These great testing-machines, so common in the larger colleges, seem to have 
destroyed all idea of scientific experiment. There is so much that the engineer 
wants to know, and yet laboratory people are persistently and lazily repeating old 
work suggested and begun by engineers of sixty years ago. For example, men like 
Fairbairn and Robert Napier would long ago have found out the behaviour of 
materials under combined stresses. We do not even know the condition of strength 
of iron or steel in a twisted shaft which is also a beam. The theory of strength ot 
a gun or thick tube under hydraulic pressure is no clearer now than it was fifty years 
ago. The engineer asks for actual information derived from actual trial, and we offer 
him the ‘ canid kail het again’ stuff falseiy called 'theoretical,’ which is found in 
all the text-books (my own among others). These great colleges of university rank 
ought to recognise that it is their duty to increase knowledge thiough the work of 
their advanced students. The duty is not neglected in the electrical departments 
of some of the colleges. Perhaps the most instructive reference is to the work done 
at the Central Technical College !5f the City and Guilds Institute at South Kensington, 
as described by Professor Ayrton in some of the papers already referred to. I cannot 
imagine a better development of the Finsbury idea in the work of the highest kind 
of Engineering College. 
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unknown to men wko have passed through elaborate mathematical studies of 
mechanics. Students found out in that laboratory the worth of formulas ; they 
gained courage in making calculations from formulae, for they had found out the 
extent of their own ignorance and knowledge. 

I have never approved of elaborate steam-engines got up for students’ labora- 
tory exercise-work. A professor who had devoted much thought for a year to the 
construction of such a four-cylinder engine showed a friend how any one or any 
two or any three or all four cylinders, with or without jacketing, could be used in 
all sorts of ways. The friend ventured to say : ‘ This engine will be used just once 
and never after.’ The professor was angry, but his friend proved to be right. The 
professor made experiments with it once himself with a few good students. Un- 
fortunately it was not a sufficiently elaborate investigation for publication. After- 
wards he never had time personally to superintend such work ; his assistants were 
busy at other things ; his students could not be trusted with the engine by them- 
selves, and to this day it stands in the laboratory a beautiful but useless piece of 
apparatus. At Knsbury there was an excellent one-cylinder engine with vaporising 
condenser. It drove the workshops and electric generators. On a field-day it 
drove an electric generator only, and perhaps thirty students made measurements. 
Each of them had already acted as stoker and engine-driver, as oiler and tester of 
the machinery, lighting fires, taking indicator diagrams, weighing coals, opening and 
closing cocks from seven in the morning to ten at night, so that everything was 
well known to him. They maintained three different steady loads for trials of three 
hours each. They divided into groups, one from each group ceasing to take a 
particular kind of observation every ten minutes and removing to another job. All 
watches were made to agree, and each student noted the time of each observation. 
These observations were ; — Taking indicator diagrams, checking the speed indicator, 
taking temperature of feed-water, quantity of feed by meter (the meter had been 
carefully checked by gauge-notch, and every other instrument used by us had 
been tested weeks before), taking the actual horse-power passing through a 
dynamometer coupling on the shaft, taking boiler and valve-chest pressures and 
vacuum pressures on the roof and in the engine-room, weighing coals (the calorific 
value had already been tested), taking the horse-power given out by the dynamo, 
counting the electric lamps in use, and so on. Each student was well prepared 
beforehand. During the next week he reduced his own observations, and some of 
the results were gathered on one great table. One lesson that this taught could 
never be forgotten — bow the energy of one pound of coal was disposed of. So 
much up the chimney or by radiation from boiler or steam-jacket and pipes ; in 
condensation in the cylinder ; to the condenser ; in engine friction ; in shaft 
friction, &c. I cannot imagine a more important lesson to a young engineer than 
this one taught through a common working engine. The students had the same 
sort of experience with a gas-engine. I need hardly say how important it was that 
the Professor himself shoffid take charge of the whole work leading up to, during, 
and after such a field-day. 

The difficulty about all laboratory exercise work worth the name is that of 
finding demonstrators and assistants who are wise and energetic. Through 
foolishness and laziness the most beautiful system becomes an unmeaning routine, 
and the more smoothly it works the less educational it is. In England just now 
the curse of all education is the small amount of money available for the wages 
of teachers--just enough to attract mediocre men. I have been told, and I can 
easily imagine, that such men have one talent over-developed, the talent for 
making their job softer and softer, until at length they just sit at a table, main- 
taining discipline merely by their presence, answering the questions of such 
students as are earnest enougli to come and worry them. In such cases it is 
absolutely necessary to periodically upset their clockwork arrangements. After 
suck an artificial earthquake one might be reminded of what occurred at the pool 
of Bethesda, whose waters had their healing property restored when the angel 
came down and troubled them. But for a permanently good arrangement there 
ought to be very much higher wages all round in the teaching profession. 

bfo kind of engineering has developed so rapidly as the electrical Why, 
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it was at the meeting here in Belfast twenty-eight years ago (I remember, 
for I was a Secretary of Section A that year, and took the maciiine to pieces 
afterwards in Lord Kelvin’s laboratory) that there was exhibited for the tirst 
time in these islands a small Gramme machine. This handmaid of all kinds of 
engineering is now so important that every young engineer may be called un- 
educated who has not had a training in that kind of mechanical engineering 
which is called electrical engineering. Professor Ayrton’s laboratory at Finsbury 
is the model copied by every other electrical engineering laboratory in the world, 
He and 1 had the same notions ; we had both been students of Lord Kelvin ; we 
bad worked together in Japan since 1875; but whereas I was trying to make 
ray system of teaching mechanical engineering replace an existing system, or want 
of system, there wms no existing system for his to replace. Thus it will be found 
tliat in every electrical engineering laboratory the elementary principles are made 
part of a pupil’s mental machinery by many quantitative experiments, and nobody 
suggests that it is mere elementary physics which is being taught — a suggestion 
often enough made about the work in my mechanical laboratory. When students 
know these elementary principles well, they can apply their mathematics to the 
subject. As they advance m knowledge they are allowed to find out by their 
own experiments how their simple theories must he made more complex in real 
machines. Their study may he very complete, hut, however much mathematics 
and graphical calculation may come in, their designs of electrical machinery are 
really based upon the knowledge acquired by them in the electrical and mechanical 
laboratories. 

The electrical engineer has an enormous advantage over other engineers; 
everything lends itself to exact calculation, and a completed machine or any of 
its parts may he submitted to the most searching electrical and magnetic tests, 
since these tests, unlike those applied by other engineers, do not destroy the 
body tested. But for this very reason, as a finished product, the electrical 
engineer cannot have that training in the exercise of his judgment in actual 
practical work after he leaves a college that some other engineers must have. 
In tunnelling, earthwork, and building, in making railways and canals, the 
engineer is supremely dependent on the natural conditions provided for him, and 
these conditions are never twice the same. There are no simple laws known to 
us about the way in which sea and river currents will act upon sand and gravel, 
and engineers who have had to do with such problems are continually appealing to 
Nature, continually making observations and bringing to hear upon their work 
all the knowledge and habits of thought that all their past experience has given 
them. I do not know that there is any job which a good teacher would have 
greater pleasure in undertaking than the arrangement of a laboratory in which 
students might study for themselves such problems as come before railway, canal, 
river, barbonr and coast-protection engineers; there is no such laboratory in 
existence at the present time, and in any case it could only be of use in the 
way of mere suggestion to an engineer who had already a good knowledge of his 
profession. 

It was a curious illustration of mental inertia that the usual engineering 
visitor, even if he was a professor of engineering, always seemed to suppose 
that' the work done at Finsbury was the same as that done in all the great 
engineering colleges. As a matter of fact no subject was taught there in the same 
manner as it was taught elsewhere.’ 

Most of the students were preparing for electrical or mechanical engineering, 
and therefore we thought it important that nearly every professor or demonstrator 
or teacher should he an engineer. I know of nothing worse than that an engineer- 
ing student should he taught mathematics or physics or chemistry by men who 
are ignorant of engineering, and yet nothing is more common in colleges of 

’ It is really ludicrous to see how all preachers on technical education are 
supposed by non-thinking people to hold the same doctrine. The people asking for 
reform in education differ from one another more than Erasmus and Luther, and 
John of Leyden and Knipperdoling. 
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applied science.’ The usual conrses are only siiitahle for men who are preparing 
to be mere mathematicians, or mere physicists, or mere cliomists. Jiach subject 
is taken up in a stereotyped way, and it is thought quite natural that, in one year 
a student shall have only a most elementary knowledge of what is to the teacher 
such a great subject, iho young engineer never readies the advanced parts 
which might be of use to him ; he is not siiihciently grounded in general 
])rmciple8; his whole course is only a preliminary course to a more advanced 
one which there is no intention of allowing him to pursue, and, not being quite 
a fool, he soon sees how useless the thing is to him. The Professor of 
Chemistry ought to know that until a young engineer can calculate exactly by 
means of a principle, that principle is really unknown to him. For example, 
take the equation supposed to be known so well, 

2i-p+o,=m,o. 

It is never understood by the ordinary elementary chemical student, wiio writes 
it down _so readily. Everyone of the six cunning ways in which tliat equation 
conveys information ought to be as familiar to the young engineer a.s they are, or 
ought to be, to the most .specialised chemist. Without this he cannot coi'n])iite in 
connection with combustion in gas and oil engines and in furnaces. Put, t have 
no time to dwell on the importance of tliis kind of exact knowledge in llie educa- 
tion of an engineer. 

Mathematics and physics and chemistry are usually laugh in watertight com- 
partments, as if they had no connection with one another. In an ungdneering 
college this is particularly had. Every subject ought to be taught, through illus- 
trations from the professional work in which a student is to be engaged. An 
engineer has been wasting bis time if he is able to answer t be questions of an 
ordinary examination paper in chemistry or pure mathematics. The usual mathe- 
matical teacher tliinks most of those very parts of matbemat.ics which to an ordinary 
man who wants to mathematics are quite valueless, and those pm’ts which 
would be altogether useful and easy enough to miderstand he never reache.s ; and 
as 1 have said, so it is also in chemistry. Luckily, the phy.sics })r()fessor has 
usually some small knowledge of engineering ; at all events he respt'Ct.s it. When 
the pure mathematician is compelled to leave the logical sequence whi(!h lie loves ’ 
to teach mechanics, he is apt scornfully to do what gives him least trouble : namely, 
to give as ^ mechanics ’ that disguised pure mathematics w^hich forms ninety per 
cent, of the pretence of theory to be found in so many French and ( Terina.n books 
on machinery. As pure mathematical exercise work it is even meaner than the 
stupid exercises in school algebras ; as pretended engineering it does much barm 
because a student does not find out its futility until after be has gone tlirougli it, 
aiiu ms enthusiasm for mathematics applied to engmeeriitg problems is jienuanently 
r?' L ^ ^ mathematical professor who dislikes engineering, feeling 

Ike Fegnsiis harnessed to a common waggon — how is he to distinguish good from 
evil. He^iails to see how worthless are some of tlie books on 'Theoretical 
ecliamcs written by mathematical coaches to enable .students t o pa.ss t;xu, mi na- 
tions. An engineer teaching mathematics would avoid all futilities; he would 
base his reasoning on that expeiimental knowdedge already possessed bv a student : 
ne would know that the finished engineer cannot hope to nnuembor anytbiiig 
except a tew general principles, but that he ought to he able to applv these, 
c umsily or not, to the solution of any problem whatsoever. Of course he would 
encourage some of his pupils to take up Thomson and Tail, or llavh‘'mirs ‘ Sound,* 
or some other classical treatise as an advanced study." 


mostimportant colleges the usual professor or tutor is uften ignorant of all 
generally seems rather proud of t.his; liiif, surolv in 
such a case a man cannot be said to know even his,owii subject . 

finds a good mathematician brought up on academii-, lines 
thorofo-Titv problems. But he is usually afeok and unwilling to go 

furblauL t he publishes is particularly harS- 

luj, because it has such an honest appearance. When wc. do get, once iii forty 



tRA^’SA^^O^^S UF SECTIOA' It. 


15 


Not only do I tldiik that every teacher in an engineering college ougbr to have 
yoLiie acquaintance v\ith engineering, but it seems to me equally important to 
allow a professor of engineering, who ought, above all things, to be a ])ractical 
engineer, to keep in touch with his profession, A man who is not competing with 
other engineers in practical work very quickly becomes antiquated in his know- 
ledge: the designing work in his drawing-office is altogether out of date; he 
lectures about old difficulties which are troubles no longer: his pupils have no 
onthusiasm in their -work because it is merely academic and lifeless ; even when 
he is a man distinguished for important work in the past his students liave that 
kind of disrespect for his teaching which makes it useless to them. If there is 
fear that too much well-paid professional work will prevent efficiency in teaching, 
there is no great difficulty in applying a remedy. 

One most important fact to be borne in mind is that efficient teachers cannot 
be obtained at such poor salaries as are now given. An efficient labourer is wortliy 
of his hire ; an inefficient labourer is not worthy of any hire, however small. 
Again, there is a necessity for three times as many teachers as are usually pro- 
vided in England. The average man is in future to be really educated. This 
means very much more personal attention, and from thoughtful teachers. Is 
England prepared to face the problem of technical education in the only way which 
can lead to success, prepared to pay a proper price for the real article ? If not, 
she must be prepared to see the average man remaining uneducated. 

Advocacy of teaching of the kind that was given at Finsbury is often met by 
the opposition not only of pure mathematicians and academic teachers, but I am 
sorry to say also of engineers. The average engineer not merely looks askance at, 
he is really opposed to the college training of engineers, and I think, on the 
whole, that he has much jiistihcation for his views. University degrees in 
engineering science are often conferred upon students who follow an academic 
course, in which they learn little except how to pass examinations. The graduate 
of to-day, even, does not often possess the three powers to which X have referred. 
He is not fond of reading, and therefore he has no imagination, and the idea of an 
engineer without imagination is as absurd as Teufelsdrdch’s notion of a cast-iron 
king. He cannot really compute, in spite of all his mathematics, and he is absurdly 
innocent of the methods of the true student of hs’ature. This kind of labelled 
scientific engineer is being manufactured now in bullc because there is a money 
value attached to a degree. He is not an engineer in any sense of the word, and 
does not care for engineermg, but he sometimes gets employment in technical 
colleges. He is said to teach when he is really only impressing upon deluded 
pupils the importance of formulse, and that whatever is printed in books must be 
true. The real young engineer, caught in this eddy, will no doubt find his way 
out of it, for the healthy experience of the workshop will bring back his common- 
sense. For the average pupil of such graduates there is no help. If he enters 
works, he knows but little more than if he had gone direct from school. He is 
still without the three qualifications which are absolutely necessary for a young 
engineer. He is fairly certain to he a nuisance in the works and to try another 
profession at the end of his pupilage. But if it is his father’s business he can 
make a show of knowing something about it, and he is usually called an engineer. 

Standardisation in an industry usually means easier and cheaper and better 
manufacture, and a certain amount of it must he good even in engineermg, but 
when we see a great deal of it we know that in that industry the true engineer 
is disliked. I consider that in the scholastic industry there has been far too much 

years, n mathematician (Osborne Keynolds or Dr. Hopkiiison) who has common - 
sense notions about engineering things, or a fairly good engineer (Eankine or James 
Thomson) who has a common-sense command of mathematics, we have men who 
receive the greatest admiration from the engineering profession, and yet it seems 
to me that quite half of all the stif^Ients leaving our technical colleges ought to be 
able to exercise these combined powers if mathematics were sensibly taught 
in school and college. We certainly have had enough of good mathematicians 
meddling with engineering theory and of engineers with no mathematics wasting 
their time in trying to a^d to our knowledge. 
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standardisation. Gymnasieii and polvtoclmic systems are standardised in Ger- 
many, and there is a tendency to import them into England ; but in my opinion 
we are very far indeed from knowing any system which deserves to be standard- 
ised, and the worst we can copy is what we find now in Germany and Switzer- 
land. What we must strive for is the discovery of a British system suiting the 
British hoy and man. The English hoy majr he called stupid so often that he 
actually believes himself to be stupid ; but of one thing we may be sure, he will 
find in some way or other an escape from the stupefying kind of school work to 
which the German boy submits. And if it were^ possible _ to make the average 
Enalish boy of nineteen pass such a silly school-leaving examination as the German 
boy,^ and to pass through a polytechnic, I am quite sure that there would be little 
employment among common-sense English engineers for such a manufactured 
article. But is it possible that British boys could be manufactured into such 
obedient academic machines, without initiative or invention or iudiyiduality, by 
teachers who are none of them engineers ? No, we must have a British system 
of education. We cannot go on much longer as we have done in the past without 
engineering education, and, furthermore, it must be such as to commend itself to 
employers. Of my Finsbury students I think I may say that not one failed to 
get into works on a two or three years’ engagement, receiving some very small 
wage from the beginning, and without paying a premium. To obtain such em- 
ployment was obviously one test of fitness to be an engineer, because experienced 
men thought it impossible. One test of the system was the greater ease with 
which new men obtained employment in shops which had already taken some of 
our students. It is certainly very difficult to convince an employer that a college 
man will not be a nuisance in the shops. In Germany and France, and to a leas 
extent in America, there is among employers a belief in the value of technical 
education. In England there is still complete unbelief. I have known the sub- 
scribers of money to a large technical college in England (the members of its 
governing board) to laugh, all of them, at the idea that the college could be of any 
possible benefit to the industries of the town. They subscribed because just then 
there was a craze for technical education due to a recent panic. They wore 
ignorant masters of works (sons of the men who had created tlie works), ignorant 
administrators of the college affairs, and ignorant critics of their mismanaged 
college. I feel sure that if the true meaning of technical education were under- 
stood, it would commend itself to Englishmen, Technical education is an educa- 
tion in the scientific and artistic principles which govern the ordinary operations 
in any industry. It is neither a science, nor an art, nor the teaching of a handi- 
craft. It is that without which a master is an unskilled master ; a foreman an 
unskilled foreman ; a workman an unskilled workman ; and a clerk or farmer an 
unskilled clerk or farmer. The cry for technical education is simply a protest 
against the existence of unskilled labour of all kinds.*'^ 

' The following is, I understand, a stock question at certain gymnasien : ‘ Write 
out all the trigonometrical formulae you know.’ I asked my young informant, ‘ Well, 
how many did you write ? ’ ‘ Sixty-two ' was the answer. Tlii.s young man informed 
me that a boy could not pass this examination unless ho knew * all algebra and all 
trigonometry and all science.’ Strassbimg geese used to be fed in Erance ; now thev 
are fed in Germany. German education seems to be like smothering a fire with (on 
much fuel or wet slack which has the appearance of fuel. 

2 I have pointed out how natural it is that business men should feel somewhat 
antagonistic to college training. Poorly paid unpractical teachers, with no ideas of 
their own, have the past taught in the very stupidest way. irhey have called 
themselves ‘ scienl.ific ’ and ‘ theoretical ' till these words stink in the nostrils of an 
engineer. When I was an apprentice, and no doubt it is much the same iu)w, if an 
apprentice was a poor workman with his hands he often took to some kind of study 
which he called the science of his trade. And in this way a pawkiness for science 
got to be the sign of a bad workman. But if worlimcn were so taught at school tiiat 
all really knew a little physical science, it would no longer be laughed at. 
men a civil or electrical engineer is unsuccessful because he has no business habits, 
he takes to calculation and the reading of so-called scientific books, because it is 
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To have any good general system the employers must co-operate. Much of the 
training is workshop practice, and it cannot be too often said that this is not to be 
given in any college. The workshop in a college serves a quite different purpose. 
Now how may the practice best be given? I must say that I like the Finsbury 
plan very much indeed, but there are others. N^Tien -I attended this college in 
winter I was allowed to work in the Lagan Foundry in summer. In Japan the 
advanced students did the same thing ; they had their winter courses at the college, 
and the summer was spent in the large Government workshops; the system 
^ivorked very well indeed.* In Germany recently the great unions of manufacturers 
made facilities for giving a year of real factory work to the polytechnic students, 
hut it seems to me that these men are much too old for entrance to works, and, 
besides, a year is too short a time if the finished product is to call itself a real 
engineer. Possibly the British solution may be quite different from any of these. 
-V boy may enter works at fourteen on leaving a primary school or not later than 
sixteen on leaving a secondary school. In either case he must have the three 
powers to which I have already referred so often. It will be recognised as the 
duty of the owners of works to provide, either in one large works or near several 
works, in a well-equipped school following the Finsbury principle, all that training 
in the principles underlying the trade or profession which is necessary for the 
engineer. 

No right-thinking engineer has been scared by the newspaper writers who tell 
us of our loss of supremacy in manufacture, hut I think that every engineer sees 
the necessity for reform in many of our ways, and especially in this of education. 
People talk* of the good done to our workmen’s ideas by the strike of two years 
ago ; it is to he hoped that the employers’ ideas were also expanded by their 
having been forced to travel and to see that their shops were quite out of date.*-^ 
In fact, we have all got to see that there is far too much unskilled labour among 
workmen and foremen and managers, and especially in owners. There may be 
some kinds of manufacture so standardised that everything goes like a wound-up 
clock, and no thought is needed anywhere; but certainly it is not in any branch 
of engineering. Many engineering things may he standardised, hut not the 
engineer himself. Millions of money may build up trusts, but they will be wasted 
if the unskilled labour of mere clerks is expected to take the place of the 
thoughtful skilled labour of owners and managers. I go further, and say that 
no perfection in lahoiir-saving tools will enable you to do without the skilled, 
educated, thoughtful, honest, faithful workman with brains. I laugh at the idea 
that any country has better workmen than ours, and I consider education of 

very easy to get up a reputation for science. The man is a bad engineer in spite of 
his science, but people get to think that he is an unpractical man because of his 
scientific knowledge. I do believe that the unbelief in technical education so very 
general has this kind of illogical foundation. Four hundred years ago if a layman 
could read or write he was probably a useless person who, because he could not do 
well otherwise, took to learning. What a man learnt was clumsily learnt ; usually 
he learnt little with great laboui- and made no use of it ; therefore reading and 
writing seemed useless. Now that everybody is compelled to read and write, it is 
not a usual thing to say that it hurts a man to have these powers. 

‘ It was the idea of Principal Henry Dyer. 

2 Not only is there an enormous improvement in the use of limit-gauges and 
checking and tools, and the careful calculation of rates of doing work by various 
tools and general shop arrangement, but attention is being paid to tbe comfort of 
workmen. There are basins and towels, and hot and cold water for them to wash 
in. In the old days it would have been called faddy philanthropy. Now, owners of 
works who scorn all softness of heart provide perfect water-closets for their men ; their 
workshops are kept at a uniform temperature : the evil effect of a bad draught in 
producing colds, or a bad light in hurting the eyes, is carefully considered. In some 
of these works it is actually possible for a workman or a member of his family to 
get a luxurious hot bath for a penny. Will this really pay ? Some clever hard- 
headed men of my acquaintance say they already see that it does pay very well 
indeed, 
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our workmen ^ to ke the corner-stone of prosperity in ail engineering manii- 
facture. It ia from him in countless ways that all hints leading to great inven-^ 
tioiis come. New countries like America and Germany have their chance just 
now; they are starting, without having to ^ scrap’ any old machinery or ‘old 
ideas, with the latest machinery and the latest ideas. For them also the time 
will come when their machines will he getting out-of-date and the cost of 
^scrapping’ will loom large in their eyes. In the meantime they have taught us 
lessons, and this greatest of all lessons— that unless we loolc ahead with much 
judgment, unless we take reasonahle precautions^ unless we pay some regard to 
'the fact that the cleverest people in several nations are hungry for our trade and 
jealous of our supremacy, we may for a time lose a little of that supremacy. 
In the last twenty-three years I have written a good deal about the harm 
done to England by the general dislike that thp’e is among- all classes for 
any kind of education. I do not say that this dislike is greater than it used 
to be in England; I complain that it is about as great.*' Ikit I have never 
spoken of the decadence of England. It is only that we have been too confident 
tliat those manufactures and that commerce and that skill in engineering, for 
which Napoleon sneered at us, would remain with us for even-. Alany writers 
have long been pointing out the consequences of neglecting education ; prophesying 
those vary losses of trade, that very failure of engineers to keep their houses in 
order, which now alarms all newspaper writers. Ihtnics are ridiculous, hut there 
is nothing ridiculous in showing that we can take a hint. W'e have had a very 
strong hint given us that we cannot for ever go on with absolutely no education 
in the scientific principles which underlie all engineering. There is another 
important thing to remember. Should foreigners get the notion tliat we are 
decaying, we shall no longer have our industries kept up by an influx of clever 
Uitlanders, and we are much too much in the habit of forgetting what we owe 
to foreigners, Fleming and German, Hollander, Huguenot and Hebrew, for the 
development of our natural resources. Think of how nincli we somf‘1imes owe 
to one foreigner like the late Sir AVilliam Siemens. 

But I am going too far ; there is after all not so very much ol’ the foolishness of 
Ishbosheth among us, and I cannot help but feel hopeful as I think lovingly of what 
British engineers have done in the past. 'We who meet here have lived through 
the pioneering time of mechanical and electrical and various other Iviuds of 
engineering. Our days and nights have been delightful because we have had the 
feeling that we also were helping in the creation of a quite new thing never before 
known. It may be that our successors will have a better time, will see a more 
rapid development of some other applications of science. "Who knows I' In every 
laboratory of the world men are discovering more and more of Nature’s secrets. 
The laboratory experiment of to-day gives rise to the onginetuing achievement of 
to-morrow. But 1 do say that, however great may be the growth of miginem-ing, 
there can never be a time in the future history of thti world, as there has ne\'er 
before been a time, when men will have more satisfaction in the growth of their 
profession than engineers have had during the reign of Queen Victoria. 

And now I want to call your attention to a new phenomenon. Ovtu* and over 
again has attention been called to the fact that the engineer has created what is 
called ‘ modern civilisation,’ has given luxuries of all kinds to the poorest ptiople, 
has provided engines to do all the slave labour of the world, has given leisure and 
freedom from drudgery, and chances of refinement and high thought and high 
emotion to thousands instead of units. But it is doing things more striking still. 
Probably the most important of all things is that the yoke of superstitions ol* all 
kinds on the souls of men should be lifted, Tbe study of natural science is alone 
able to do this, but education through natural science for the great mass of the 
people, even for the select few called the distinguished men of the country, has 
been quite impossible till recently. I say that it ia to engineers that the ‘world 

The old appenticesliip system of training men has broken down, and lliis is the 
cause of most of our industrial troubles. An apprenticeship .system suited to luodcru 
conditions is described fully on pages 68-88 of ihujlancVn Neijivci vf Sekin‘r. 
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owes the possibility of this new study becoming general In nur country nearly 
all discoveries come from below. The leaders of science, the inventors, receive from 
a thousand obscure sources the germs of their great discoveries and inventions. 
When every unit of the population is familiar with scientific ideas our leaders will 
not only be more numerous, but they will be individually greater. iA.nd it is we, 
and not the schoolmasters, who are familiarising the people with a better knowledge 
of Nature. When men can hardly take a step without seeing steam engines and 
electro-motors and telegraphs and telephones and steamships, with drainage and 
water works, with railways and electric tramways and motor-cars ; when every 
shop-window is filled with the products of engineering enterprise, it is getting 
1‘ather difficult for people to have any belief in evil spirits and witchcraft. 

All the heart-breaking preaching of enthusiasts in education would produce 
very little effect upon an old society like that of England if it were not for the 
engineer. He has produced peace. He is turning the brown desert lands of the 
earth into green pastures. He is producing that intense competitiou among 
nations which compels education. If England has always been the last to begin 
reform, she has always been the most thorough and steadfast of the nations on any 
reform when once she has started on it. Education, pedagogy, is a progressive 
science ; and who am I that I should say that the system of education advocated by 
me is that which will be found best for England ? In school education of the 
a-^’erage boy or man England has as yet had practically no experience, for she has 
given no real thought to it. Yet when she does, I feel that although the Finsbury 
scheme for engineers may need great improvement, it contains the germ of that 
system which must be adopted by a race which has always learnt through trial 
and error, which has been led less by abstract principles or abstract methods of 
reasoning than any race known in historv. 
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The Present Position of Ghemiccd Physiology. 

An engineer who desires to thoroughly understand how a machine works must 
necessarily know its construction. If the machine becomes erratic in its action, 
and he wishes to put it into proper working order, a preliminary acquaintance with 
its normal structure and function is an obvious necessity. 

If we apply this to the more delicate machinery of the animal body we at 
once see how a knowledge of function (physiology and pathology) is impossible 
without a preliminary acquaintance with structure or anatomy. 

It is therefore not surprising, it is indeed in the nature of things, that physio- 
logy originated with the great anatomists of the past. It was not until Vesalius and 
Harvey by tedious dissections laid bare the broad facts of structure that any 
theorising concerning the uses of the constituent organs of the body had any firm 
foundation. 

Important and essential as the knowledge is that can be revealed by the 
scalpel, the introduction and use of the microscope furnished physiologists with a 
still more valuable instrument. By it much that was before unseen came into 
view, and microscopic anatomy and physiology grew in stature and knowledge 
simultaneously. 

The weapons in the armoury of the modern physiologist are multitudinous in 
number and complex in construction, and enable him in the experimental investi- 
gation of his subject to accurately measure and record the workings of the different 
parts of the machinery he has to study. But pre-eminent among these instruments 
stands the test-tube and the chemical operations typified by that simple piece of 
glass. 

Herein one sees at once a striking distinction between the mechanism of a 
living animal and that of a machine like a steam engine or a watch. It is quite 
possible to be an excellent watchmaker or to drive a steam engine intelligently 
without any chemical knowledge of the various metals that enter into its composi- 
tion. In order to set the mechanism right if ii; goes wrong all the preliminary 
knowledge which is necessary is of an anatomical nature. The parts of which an 
engine is composed are stable ; the oil that lubricates it and the fuel that feeds it 
never become integral parts of the machinery. But with the living engine all this 
is different. The parts of whi^h it is made take up the nutriment or fuel and 
assimilate it, thus building up new Hving substance to replace that which is 
destroyed in the wear and tear associated with activity. This condition of 
unstable chemical equilibrium is usually designated metabolism, and metabolism 
is the great and essential attribute of a living as compared with a non-living thing. 

I 
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It seems childish at the present day, and before such an audience as this, to 
point out how essential it is to know the chemical structure as well as the 
anatomical structure of the component parts of the body. But the early 
anatomists to whom I have alluded had no conception of the connection of the 
two sciences. Speaking of Vesalius, Sir Michael Poster says: ‘The o-reat 
anatomist w'ould no doubt have made use of his bitterest sarcasms had someone 
assured him that the fantastic school which was busy with occult secrets and 
had hopes of turning dross into gold would one day join hands in the investiga- 
tion of the problems of life with the exact and clear anatomy so dear to him.' 
Nor did Harvey, any more than Vesalius, pay heed to chemical learning. The 
scientific men of his time ignored and despised the beginning of that chemical 
kno wledge which in later years was to become one of the foundations of physiology 
and the mainstay of the art of medicine. ® 


The earliest to recognise this important connection was one whose name is 
usually associated more with charlatanry than with truth, namely, Paracelsus, and 
fifty years after the death of that remarkable and curious personality his doctrines 
were extended and developed by van Helmont. In spite, however, of van Hel- 
mont’s remarkable insight into the processes of digestion and fermentation his 
work was marred by the mysticism of the day which called in the aid of super- 
natural agencies to explain what could not otherwise he fully comprehended. 

In the two hundred and fifty years that have intervened between the death of 
van Helmont and the present day alchemy became a more and more exact science 
and changed its name to chemistry, and a few striking names stand out of men 
who were able to take the new facts of chemistry and apply them to physiological 
uses. Of these one may mention Mayow, Lower, Boerhaave, Reaumur Borelli 
Spallanzani, and Lavoisier. Mulder in Holland and Liebig in Germany bring us 
almost to the present time, and I think they may be said to share the honour of 
being regarded as the father of modern chemical physiology. This branch of 
science was first placed on a firm basis by Wohler when he showed that or<i-anic 
compounds can he built out of their elements in the laboratory, and his first*^ suc- 
cessful experiments in connection with the comparatively simple substance urea 
have been followed by numberless others, which have made organic chemistry the 
vast subject it is to-day. 

Sir Michael Foster’s book on the History of Physiology, from which I have 
already (quoted, treats of the older workers who laid the foundations of our science 
and whose names I have not done much more than barely mention. Those inter- 
ested in the giants of the pst should consult it. But what I propose to take up 
this morning is the work of those who have during more recent days been engao-ed 
in the later stages of the building. The edifice is far from completion even now 
It IS one of the charms of physiological endeavour that as the older areas yield 
their secrets to the explorers new ones are opened out which require equally 
careful investigation. ^ ^ ^ 

If even a superficial survey of modern physiological literature is taken one is 
at once struck with the great preponderance of papers and hooks which have a 
chemical hearing. In this the physiological journals of to-day contrast very 
markedly with those of thirty, twenty, oi even ten years ago. TJio .sister science 
of chemical pathology is making similar rapid strides. In some universities the 
importance of biological chemistry is recognised by the foundation of chairs which 
deal mth that subject alone ; and though in the United Kingdom, owing mainly to 
lack OI lands, this aspect oi the advance of science is not very evident there are 
signs that the date cannot be fat distant when every well-equipped university or 
university college will follow the example set us at many seats of learniuK on the 
Continent and at Liverpool. o ^ 

Wi& tliese introductoiy reiuarhs let me now proceed to descrihe what appear 
the mam features of chemical physiology at the present time. 

Ihe trst point to which I shall direct your attention is the rapid way in which 
chemical physiology is becoming an exact science'; Thougli it is li^ss than twenty 
years since I began to te^h physiology, I can remeniher perfectly well a time 
when those who devoted their work to the chemical side of the science mi"-ht 
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almost 1)8 counted on the fingers of one hand, and when chemists looked with 
scarcely veiled contempt on what was at that time called physiological chemistry : 
they stated that physiologists dealt with messes or impure materials, and therefore 
anything in the nature of correct knowledge was not possible. There was a good 
deal of truth in these statements, and if physiologists to-day cannot quite say that 
they have changed all that, they can at any rate assert with truth that they are 
changing it. This is due to a growing rapprochement between chemists and 
physiologists. Many of our younger physiologists now go through a thorough 
preliminary chemical training ; and on the other hand there is a growing number 
of chemists— of whom Emil Fischer may be taken as a type— who are beginning to 
recognise the importance of a systematic study of substances of physiological 
interest. A very striking instance of this is seen in the progress of our knowdedge 
of the - carbohydrates, which has culminated in the actual synthesis of several 
members of the sugar group. Another instance is seen in the accurate informa- 
tion we now possess of the constitution of uric acid. When Miescher began his 
work on the chemical composition of the nuclei of cells, and separated from them 
the material he called nuclein, he little foresaw the wide practical application of 
his work. We now know that it is in the metabolism of cell-nuclei that we have 
to look for the oxidative formation of uric acid and other substances of the purine 
family. Already the chemical relationships of uric acid and nuclein have taught 
practical physicians some of the secrets that underlie the occurrence of gout and 
allied disorders. 

With the time at my disposal, it would he impossible to discuss all the 
chemico-vital problems which the physiologists of the present day are attempting 
to solve, hut there is one subject at which many of them are labouring which 
seems to me to he of supreme importance — I mean the chemical constitution of 
proteid or albuminous substances, Proteids are produced only in the living 
laboratory of plants and animals; proteid metabolism is the main chemical 
attribute of a living thing; proteid matter is the all-important material present in 
protoplasm. But in spite of the overwhelming importance of the subject chemists 
and physiologists alike have far too long fought shy of attempting to unravel 
the constitution of the proteid molecule. This molecule is the most complex that 
is known : it always contains five, and often six, or even seven elements. The 
task of thoroughly understanding its composition is necessarily vast, and advance 
slow. But little by little the puzzle is being solved, and this final conquest of 
organic chemistry, when it does arrive, will furnish physiologists with new light 
on many of the dark places of physiological science. 

The revival of the vitalistic conception in physiological work appears to 
me a retrograde step. To explain anything we are not fully able to understand 
in the light of physics and chemistry by labelling it as vital or something we 
can never hope to understand is a confession of ignorance, and, what is still 
more harmful, a bar to progress. It may be that there is a special force in 
living things that distinguishes them from the inorganic world. If this is so, the 
laws that regulate this force must be discovered and measured, and I have no 
doubt that those laws when discovered will he found to he as immutable and 
regular as the force of gravitation. I am, however, hopeful that the scientific 
workers of the future will discover that this so-called vital force is due to certain 
physical or chemical properties of living matter which have not yet been brought 
into line with the known chemical and physical laws that operate in the ioorganic 
world, hut which as our knowledge of chemistry and physics increases will ulti- 
mately be found to he subservient to such laws. 

Let me take as an example the subject of osmosis. The laws which regulate 
this phenomenon through dead membranes are fairly well known and can be 
experimentally verified ; but in the living body there is some other n3anifestation 
of force which operates in such a way as to neutralise the known force of 
osmosis. Is it necessary to supjtose that this force is a new one ? May it not 
rather he that our much vaunted knowledge of osmosis is not yet complete ? It 
is quite easy to understand why a dead and a living membrane should behave 
difierently in relation to substances that are passing through them. The 
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molecules of the dead membrane are, comparatively speaking, passive and stable ; 
tbe molecules in a membrane made of living cells are in a constant state of 
chemical integration and disintegration ; they are the most unstable molecules 
we know. Is it to be expected that such molecules would allow water, or 
suhstances dissolved in water, to pass between them and remain entirely 
inactive ? The probability appears to me to be all the other way ; the suh- 
stances passing, or attempting to pass, between the molecules will be called 
upon to participate in the chemical activities of the molecules themselves, and in 
the building up and breaking down of the compounds so formed there will be a 
transformation of chemical energy and a liberation ot what looks like a new force. 
Before a physicist decides that his knowledge of osmosis is final, let him attempt 
to make a membrane of some material which is in a state of unstable chemical 
equilibrium, a state in some way comparable to what is called metabolism in 
living protoplasm. I cannot conceive that such a task is insuperable, and when 
accomplished, and the behaviour of such a membrane in an osmometer or dialyser is 
studied, I am convinced that we shall find that the laws of osmosis as_ formulated 
for such dead substances as we have hitherto used will be found to require revision. 

Such an attitude in reference to vital problems appears to be infinitely prefer- 
able to that which too many adopt of passive content, saying the phenomenon is 
vital and there is an end of it. 

When a scientific man says this, or that vital phenomenon cannot be explained 
by the laws of chemistry and physics, and therefore. must be regulated by laws of 
some other nature, he most unjustifiably assumes that the laws of chemistry and 
physics have all been discovered. He forgets, for instance, that such an important 
detail as the constitution of the proteid molecule has still to be made out. 

The recent history of science gives an emphatic denial to such a supposition. 
All my listeners have within the last few years seen the discovery of the Rdnt^en 
rays and the modern development of wireless telegraphy. On the chemical side 
we have witnessed the discovery of new elements in tbe atmosphere and the 
introduction of an entirely new branch of chemistry called physical chemistry. 
With such examples ready to our hands, who can say what further discoveries 
will not shortly be made, even in such well-worked fields as chemistry and physics ? 

Tbe mention of physical chemistry brings me to wbat I may term the second 
head, of my discourse, the second striking characteristic of modern chemical 
physiology: this is the increasing importance which physiologists recognise in a 
study of inorganic chemistry. The materials of which our bodies are composed 
are mainly organic compounds, among which the proteids stand out as pre- 
eminently important; but everyone knows there are many substances of the 
mineral or inorganic kingdom present in addition. I need hardly mention the 
importance of water, of the oxygen of the air, and of salts like sodium chloride and 
calcium phosphate. 

The new branch of inorganic chemistry called physical chemistry has given us 
entirely new ideas of the nature of solutions, and the fact that electrolytes in 
solution are broken up into their constituent ions is one of fundamental import- 
ance. One of the many physiological aspects of this subject is seen in a study of 
the action of mineral salts in solution on living organisms and parts of organisms. 
Many years ago Dr. Ringer showed that contractile tissues (heart, cilia, &c.) con- 
tinue to manifest their activity in certain saline solutions. Howell goes so far as 
to say, and probably correctly say, that the cause of the rhythmical action of the 
heart is the presence of these inorganic substances in the blood or lymph which 
usually bathes it. The subject has more recently been taken up by Loeb and his 
colleagues at Chicago : they confirm Ringer's original statements, but interpret them 
now as ionic action. Contractile tissues will not contract in pure solutions of non- 
electrolytes like sugar or albumin. But different contractile tissues differ in the 
nature of the ions which are their most favourable stimuli. An optimum salt 
solution is one in which stimulating ions, like those of sodium, are mixed with a 
certain small amount of those which like calcium restrain activity. Loeb considers 
that the ions act because they affect either the physical condition of the colloidal 
substances (proteid, &c.) in protoplasm or the rapidity of chemical processes. 



TRANSACTIONS OF SECTION I, 


Amoeboid moTement, ciliary movement, the contraction of muscle, cell division, 
and karyokinesis all fall into the same category as being mainly dependent on the 
stimulating action of ions. 

Loeb has even gone so far as to consider that the process of fertilisation is 
mainly ionic action ; he denies that the nuclein of the male cell is essential, but 
asserts that all it does is to act as the stimulus in the due adjustment of the pro- 
portions of the surrounding ions, and supports this view by numerous experiments 
on ova in wbich without the presence of spermatozoa he has produced larvae by 
merely altering the saline constituents and so the osmotic pressure of the fiuid 
that surrounds them. T^Tiether such a sweeping and almost revolutionary notion 
will stand the test of further verification must be left to the future; so also 
must the equally important idea that nervous impulses are to be mainly explained 
on an electrolytic basis. But whether or not all the details of such work will 
stand the test of time, the experiments I have briefly alluded to are sufficient 
to show the importance of physical chemistry to the physiologist, and they also 
form a useful commentary on what I was saying just now about vitalism. Such 
eminently vital phenomena as movement and fertilisation are to be explained in 
whole or in part as due to the physical action of inorganic substances. Ane not 
such suggestions indications of the imdesirahility of postulating the existence of 
any special mystic vital force ? 

I have spoken up to this point of physical chemistry as a branch of inorganic 
chemistry; there are already indications of its importance also in relation to 
organic chemistry. Many eminent chemists consider that the future advance of 
organic chemistry will be on the new physical lines. It is impossible to forecast 
where this will lead us ; suffice it to say that not only physiology, but also 
pathology, pharmacology, and even therapeutics, will receive new accessions to 
knowledge the importance of which will he enormous. 

I have now briefly sketched what appear to me to he the two main features of 
the chemical physiology of to-day, and the two lines, organic and inorganic, along 
which I believe it will progress in the future. 

Let me now press upon you the importance in physiology, as in all experimental 
sciences, of the necessity first of bold experimentation, and secondly of bold 
theorising from experimental data. Without experiment all theorising is futile ; 
the discovery of gravitation would never have seen the light if laborious years of 
work had not convinced Newton that it could he deduced from his observations. 
The Darwinian theory was similarly based upon data, and experiments which 
occupied the greater part of its author’s lifetime to collect and perform. Pasteur 
in France and Virchow in Germany supply other instances of the same devotion 
to work which was followed by the promulgation of wide-sweeping generalisations. 

And after all it is the general law which ia the main object of research ; 
isolated facts may be interesting and are often of value, but it is not until facts 
are correlated and the discoverers ascertain their interrelationships that anything 
of epoch-making importance is given to the world. 

It is, however, frequently the case that a thinker with keen insight can see the 
general law even before the facts upon which it rests are fully worked out. Often 
such bold theorisers are right, but even if they ultimately turn out to be wrong, 
or only partly right, they have given to their fellows some general idea on which 
to work ; if the general idea is incorrect, it is important to prove it to be so in 
order to discover what is right later on. No one has ever seen an atom or a 
molecule, yet who can doubt that the atomic theory is the sheet anchor of 
chemistry ? Mendeleeff formulated his periodic law before many of the elements 
were discovered ; yet the accuracy of this gi’eat generalisation has been such that 
it has actually led to tlie discovery of some of the missing elements. 

I purpose to illustrate these general remarks by a brief allusion to two typical 
sets of researches carried out during recent years in the region of chemical physio- 
logy. I do not pretend that eitte of them has the same overwhelming import- 
ance as the great discoveries I have alluded to, but I am inclined to think that one 
of them comes very near to that standard. The investigations in question are 
those of Ehrlich and of Pawlow. The work of Ehrlich mainly illustrates the useful 

I~2 
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part played by bold tbeoriqing, the work of Pawlow that played by the introduc- 
tion of new and bold methods of experiment. 

I will take Pawlow first. This energetic and original Russian physiologist has 
by his new methods succeeded in throwing an entirely new light on the processes 
of digestion. Ingeniously devised surgical operations have enabled him to obtain 
the various digestive juices in a state of absolute purity and in large quantity. 
Their composition and their actions on the various foodstufi’s have thus been ascer- 
tained in a manner never before accomplished ; an apparently unfailing resource- 
fulness in devising and adapting experimental methods has enabled him and his 
fellow workers to discover the paths of the various nerve impulses by which secre- 
tion in the alimentary canal is regulated and controlled, The importance of the 
psychical element in the process of digestion has been experimentally verified. If 
I were asked to point out what I considered to be the most important outcome of 
all this painstaking work, I should begin my answer by a number of negatives, and 
would say, not the discovery of the secretory nerves of the stomach or pancreas; 
not the correct analysis of the gastric juice, nor the fact that the intestinal juice 
has most useful digestive functions ; all of these are discoveries of which anyone 
might hpe been rightly prond ; but after all they are more or less isolated facts. 
The main thing that Pawlow has shown is that digestion is not a succession of 
isolated acts, but each one is related to its predecessor and to that which follows 
it ; the process of digestion is thus a continuous whole ; for example, the acidity 
of the gastric juice provides for a delivery of pancreatic juice in proper quantity 
into the intestine ; the intestinal juice acts upon the pancreatic, and so enables the 
latter to perform its powerful actions. I am afraid this example, as I have tersely 
stated it, presents the subject rather inadequately, but it will serve to show what 
I mean. Further, the composition of the various juices is admirably adjusted to 
the needs pf the organism ; when there is much proteid to be digested, the proteo- 
lytic activity of the juices secreted is correspondingly high, and the same is true for 
the other constituents of the food. It is such general conclusions as these, the cor- 
relation of isolated facts leading to the formulation of the law that the digestive 
process is continuous in the sense I have indicated and adapted to the needs of the 
work to be done, that constitute the great value of the work from the Russian 
laboratory. Work of this sort is sure to stimulate others to fill in the gaps and 
complete the picture, and already has borne fruit in this direction. It has, for 
instance, in Starling’s hands led to the discovery of a chemical stimulus to pan- 
creatic secretion. This is formed in the intestine as the result of the action of the 
gastric acid, and taken by the blood-stream to the pancreas, Whether this secretin 
as it is called may be one of a group of similar chemical stimuli which operate in 
other parts of the body has still to be found out. 

The other series of researches to which I referred are those of Ehrlich and his 
colleagues and followers on the subject of immunity. This subject is one of such 
importance to every one of us that I am inclined to place the discovery on a level 
with those great discoveries of natural laws to which I alluded at the outset of 
this portion of my Address. I hesitate to do so yet because many of ihe details 
ot the theory still await verification. But up to the present all is working in that 
direction, and Ehrlich’s ideas illustrate the value of bold theorising in the hands of 
clear-sighted and far-seeing individuals. 

But when I say that the doctrine is bold, I do not mean to infer that the 
experimental facts are scanty; they are just the reverse. But in the same way 
that a chemist has never seen an atom, and yet he believes atoms exist, so no one 
has yet ever seen a toxin or antitoxin in a state of purity, and yet we know they 
£anky^ knowledge promises to be of incalculable benefit to sufiering 

It may not be uninteresting to state briefly, for the benefit of those to whom 
the subject is new, the mam facts and an outHne of the theory which is based 
upon them. ^ j 

We are aU aware that one attack of many infective maladies protects us 
against another attack of the same disease. The person is said to be immune 
either partially or completely against that disease. Vaccination produces in a 
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patient an attack of cowpox or vaccinia. This disease is related to smallpox, and 
some still hold that it is smallpox modified and rendered less malignant by passing 
through the body of a calf. At any rate an attack of vaccinia renders "a person 
immune to smallpox, or variola, for a certain number of years. Vaccination is an 
instance of what is called protective inoculation, which is now practised with 
more or less success in reference to other diseases like plague and typhoid fever. 
The study of immunity has also rendered possible what may be called curative 
inoculation, or the injection of antitoxic material as a cure for diphtheria, tetanus, 
snake poisoning, &c. 

The power the blood possesses of slaying bacteria was first discovered when 
the effort was made to grow various kinds of bacteria in it ; it was looked upon 
as probable that blood would prove a suitable soil or medium for this purpose. 
It was found in some instances to have exactly the opposite effect. The chemical 
characters of the substances which kill the bacteria are not fully known ; indeed, 
the same is true for most of the substances we have to speak of in this connection. 
xVbsence of knowledge on this particular point has not, however, prevented 
important discoveries from being made. 

So far as is known at present, the substances in question are proteid in nature. 
The bactericidal powers of blood are destroyed by heating it for an hour to 56® C, 
Whether the substances are enzymes is a disputed point. So also is the question 
whether they are derived from the leucocytes ; the felance of evidence appears to 
me to he in favour of this view in many cases at any rate, and phagocytosis becomes 
more intelligible if this view is accepted. The substances, whatever be their source 
or their chemical nature, are sometimes called alexins, hut the more usual name 
now applied to them is that of hactei'io-lysins. 

Closely allied to the bactericidal power of blood, or hlood-seruni, is its 
globulicidal power. By this one means that the blood-serum of one animal has 
the power of dissolving the red blood-corpuscles of another species. If the serum 
of one animal is injected into the blood-stream of an animal oi another species, the 
result is a destruction of its red corpuscles, which may be so excessive as to lead to 
the passing of the liberated heemoglobin into the urine (hsemoglohinuria). The 
substance or substances in tbe serum that possess this property are called 
luemolyms, and though there is some doubt whether bacterio-lysins and hemo- 
lysins are absolutely identical, there is no doubt that they are closely related 
substances. 

Another interesting chemical point in this connection is the fact that the 
bactericidal power of the blood is closely related to its alkalinity. Increase of 
alkalinity means increase of bactericidal power. Venous blood contains more 
diffusible alkali than arterial blood and is more bactericidal; dropsical effusions 
are more alkaline than normal lymph and kill bacteria more easily. In a condition 
like diabetes, when the blood is less alkaline than it should he, the susceptibility 
to infectious diseases is increased. Alkalinity is probably beneficial because it 
favours those oxidative processes in the cells of the body which are so essential 
for the maintenance of healthy life. 

Normal blood possesses a certain amount of substances which are inimical to 
the life of our bacterial foes. But suppose a person gets run down ; everyone 
knows he is then liable to ‘ catch anything.’ This coincides with a diminution in 
the bactericidal power of his blood. But even a perfectly healthy person has not 
an unlimited supply of hacterio-lysin, and if the bacteria are sufficiently numerous 
he will fall a victim to the disease they produce. Here, however, comes in the 
remarkable part of the defence. In the struggle he will produce more and more 
hacterio-lysin, and if he gets well it means that the bacteria are finally vanquished, 
and his blood remains rich in the particular hacterio-lysin he has produced, and so 
will render him immune to further attacks ftom that particular species of bacte- 
rium. Every bacterium seems to cause the development of a specific hacterio-lysin. 

Immunity can more conveniently he produced gradually in animals, and this 
applies, not only to the bacteria, but also to the toxins they form. If, for instance, 
the bacilli which produce diphtheria are grown in a suitable medium, they produce 
the diphtheria poison, or toxin, much in the same way that yeast-cells will produce 
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alcohol when grown in a solution of sugar. Diphtheria toxin is associated with 
a proteosej as is also the case with the poison of snake venom. If a certain small 
dose called a lethal dose ’ is injected into a guinea-pig the result is death.^ But 
if the guinea-pig receives a smaller dose it will recover ; a few days after it will 
stand a rather larger dose ; and this may be continued until after many successive 
gradually increasing doses it will finally stand an amount equal to many lethal 
doses without any ill effects. The gradual introduction of the toxin has called 
forth the production of an antitoxin. If this is done in the horse instead of the 
guinea-pig the production of antitoxin is still more marked, and the serum ob- 
tained from the blood of an immunised horse may be used for injecting into human 
beings suffering from diphtheria, and rapidly cures the disease. The two actions 
of the blood, antitoxic and antibacterial, are frequently associated, but may be 
entirely distinct. 

The antitoxin is also a proteid probably of the nature of a globulin ; at any 
rate it is a proteid of larger molecular weight than a proteose. This suggests a 
practical point. In the case of snake-bite the poison gets into the blood rapidly 
owing to the comparative ease with which it diffuses, and so it is quickly 
carried all over the body. In treatment with the antitoxin or antivenin, speed is 
everything if life is to be saved ; injection of this material under the skin is not 
much good, for the diffusion into the blood is too slow. It should he injected 
straight away into a blood-vessel. 

There is no doubt that in these cases the antitoxin neutralises the toxin much 
in the same way that an acid neutralises an alkali. If the toxin and antitoxin 
are mixed in a test-tube, and time allowed for the interaction to occur, the result 
is an innocuous mixture. The toxin, however, is merely neutralised, not destroyed : 
for if the mixture in the test-tube is heated to 68° 0. the antitoxin is coagulated 
and destroyed and the toxin remains as poisonous as ever. 

Immunity is distinguished into active and passive. A.ctive immunity is pro- 
duced by the development of protective substances in the body ; passive immunity 
by the injection of a protective serum. Of the two the former is the more 
permanent. 

Micin, the poisonous proteid of castor-oil seeds, and abrin, that of the Jequirity 
bean, also produce when gradually given to animals an immunity, due to the pro- 
duction of antiricin and aatiabrin respectively. 

Ehrlich’s hypothesis to explain such facts is usually spoken of as tht^ side-chain 
theory of immunity. He considers that the toxins are capable of uniting witli the 
protoplasm of living cells by possessing groups of atoms like those by which nutri- 
tive proteids are united to cells during normal assimilation. He terms these 
haptophoY groups, and the groups to which these are attached in the cells he 
terms receptor groups. The introduction of a toxin stimulates an excessive pro- 
duction of receptors, which are finally thrown out into the circulatiou, and t])e 
free circulating receptors constitute the antitoxin. The comparison of the process 
to assimilation is justified by the fact that non-toxic substances like milk intro- 
duced gradually by successive doses into the blood-stream cause the formation of 
anti-substances capable of coagulating them. 

Up to this point I have spoken only of the blood, but month by month workers 
are bringing forward evidence to show that other cells of the body may by similar 
measures be rendered capable of producing a corresponding protective mechanism. 

One further development of the theory I must mention. At least two different 
substances are necessary to render a serum bactericidal or glohulicidal The 
hacterio-lysin or hemolysin consists of these two substances. ’ One of these is 
called the hmnune hody^ the other the complement. We may illustrate the use of 
these terms by an example. The repeated injection of the blood of one animal 
(e.g., the goat) into the blood of another animal {e.g.^ a sheep) after a time renders 
the latter animal immune to further injections, and at the same time causes the 
production of a serum which dissolves readily the red blood-corpuscles of the first 
animal. The sheep’s serum is thus hsemolytic towards goat’s blood-corpuscles. 
Tbis power is destroyed by heating to 66° 0. for half an hour, but returns when 
fresh goat’s serum is added. The specific immunising substance formed in the 
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sheep is called the immune body ; the ferment-Iike substance destroyed by heat is 
the complement. The latter is not specific, since it is furnished by the blood of 
non-immunised animals, but it is nevertheless essential for haemolysis. Ehrlich 
believes that the immune body has two side groups — one which connects 
with the receptor of the red corpuscles and one which unites with the hapto- 
phor group of the complement, and thus renders possible the ferment-like action 
of the complement on the red corpuscles. Various antibacterial serums which 
have not been the success in treating disease they were expected to be are probably 
too poor in complement, though they may contain plenty of the immune body. 

Quite distinct from the bactericidal, globulicidal, and antitoxic properties of 
blood is its agglutinating action. This is another result of infection with 
many kinds of bacteria or their toxins. The blood acquires the property of 
rendering immobile and clumping together the specific bacteria used in the infec- 
tion. The test applied to the blood in cases of typhoid fever, and generally called 
Widal’s reaction, depends on this fact. 

The substances that produce this effect are called agglutinins. They also are 
probably proteid-like in nature, but are more resistant to heat than the lysins. 
Prolonged heating to over 60° 0. is necessary to destroy their activity. 

Lastly, we come to a question which more directly appeals to the physiologist 
than the preceding, because experiments in relation to immunity have furnished 
us with what has hitherto been lacking, a means of distinguishing human blood 
from the blood of other animals. 

The discovery was made by Tehistovitch (1899), and his original experiment 
was as follows Rabbits, dogs, goats, and guinea-pigs were inoculated with eel- 
serum, which is toxic : he thereby obtained from these animals an antitoxic serum. 
But the serum was not only antitoxic, but produced a precipitate when added to eel- 
serum, but not when added to the serum of any other animal. In other words, not 
only has a specihc antitoxin been produced, but also a specific precipitin. Numerous 
observers have since found that this is a general rule throughout the animal king- 
dom, including man. If, for instance, a rabbit is treated with human blood, the 
serum ultimately obtained from the rabbit contains a specifi.c precipitin for human 
blood ; that is to say, a precipitate is formed on adding such, a rabbit’s serum to 
human blood, but not when added to the blood of any other animal.^ The great 
value of the test is its delicacy : it will detect the specific blood when it is greatly 
diluted, after it has been dried for weeks, or even when it is mixed with the 
blood of other animals. 

I have entered into this subject at some length because it so admirably illus- 
trates the kind of research which is now in progress ; it is also of interest to others 
than mere physiologists. I have not by any means exhausted the subject, but for 
fear I may exhaust my audience let me hasten to a conclusion. I began by 
eulogising the progress of the branch of science on which I have elected to speak 
to you. Let me conclude with a word of warning on the danger of over- 
s]3ecialisation. The ultra-specialist is apt to become narrow, to confine 
himself so closely to his own groove that he forgets to notice what is occurring 
in the parallel and intercrossing grooves of others. But those who devote them- 
selves to the chemical side of physiology run but little danger of this evil. The 
subject cannot he studied apart firom other branches of physiology, so closely are 
both branches and roots intertwined. As an illustration of this may I be permitted 
to speak of some of my own work ? During the past few years the energies of 
my laboratory have been devoted to investigations on the chemical side of 
nervous activity, and I have had the advantage of co-operating to this end with 
a number of investigators, of whom 1 may particularly mention Dr. Mott and 
Dr. T. G. Brodie. But we soon found that any narrow investigation of the chemical 
properties of nervous matter and the changes this undergoes during life and after 
death was impossible. Our work extended in a pathological direction so as to 
investigate the matter in the brains of those suffering from nervous disease ; it 

^ There may be a slight reaction with the blood of allied animals ; for instance, 
with monkey’s blood in the case of man. 
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extended in a histological direction so as to determine the chemical meaning of 
various staining reactions presented by normal and abnormal structures in the 
brain and spinal cord ; it extended in an experimental direction in the elucida- 
tion of the phenomena of fatigue, and to ascertain whether there was any differ- 
ence in medullated and non-medullated nerve fibres in this respect ; it extended into 
what one may call a pharmacological direction in the investigation of the action 
of the poisonous products of the breakdown of nervous tissues. I think I have 
said enough to show you how intimate are the connections of the chemical with 
the other aspects of physiology, and although 1 have given you but one instance, 
that which is freshest to my mind, the same could be said for almost any other 
well-planned piece of research work of a bio-chemical nature. 

We have now before us the real work of the Section, the reading, hearing, and 
seeing the researches -which will be brought forward by members of the Associa- 
tion, and I must, in thanking you for your attention, apologise for the length of 
time I have kept you from these more important matters. 
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So much has been written of late on totemism that I feel some diffidence in 
burdening still further the literature of the subject. But I may plead a slight 
claim on your attention, as I happen to be an unworthy member of the Crocodile 
kin of the Western tribe of Torres Straits, and I haTe been recognised as such 
in another island than the one where I changed names with Maino, the chief of 
Tutu, and thereby became a member of his kin. 

I do not intend to discuss the many theories about totemism, as this would 
occupy too much time : nor can I profess to be able to throw much light upon the 
problems connected with it ; but I chiefly desire to place before you the main 
issues in as clear a manner as may be, and I venture to offer for your consideration 
one way in and some ways out of totemism. 

A. few years ago M. Marillier wrote ^ that ‘ totemism is one of the rare forms 
of culture : it is incapable of evolution and transformation, and is intelligible only 
in its relations with certain types of social organisation. When these disappear 
it also disappears. Totemism in its complete development is antagonistic alike to 
transformation or progress.’ In due course I shall describe how one people at 
least is emerging from totemism. At the outset I wish it to he distinctly under- 
stood that I do not regard this as the only way out ; doubtless there have been 
several transformations, but a record of what appears to be taking place appeals 
more to most students than a guess as to what may have happened. 

What is most needed at the present time is fresh investigation in the field. 
Those who are familiar with the literature of the subject are only too well aware 
of the imperfection of the available records. There are several reasons which 
account for this. Some of the customs and beliefs associated with totemism have 
a sacred significance, and the average savage is too reverent to speak lightly of 
what touches him. so deeply. Natives cannot explain their mysteries any more 
than the adherents of more civilised religions can fully explain theirs. Further, 
they particularly dislike the unsympathetic attitude of most inquirers, and nothing 
shuts up a native more efiectuaUy than the fear of ridicule. 

Language is another difficulty. Even supposing the white man has acquired 
the language, the vocabulary of the native is not sufficiently full or precise to 
explain those distinctions which appeal to us, hut which are immaterial to him. 

Granting the willingness of the native to communicate his ideas, and that the 
hindrance or language has been overcome, there remains the difficulty of the native 
understanding what it is the white man wishes to learn. If there is a practically 

Eev. de VBist, des Religions^ xxxvi. 1897, pp. 368, 369. 
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insuperable difficulty iii the investigator putting himself into the mental attitude 
of the savage, there is also the reciprocal source of error. 

‘ Ob, East is Bast, and West is West, 

And never the twain shall meet.’ 

If Kipling is right for the civilised Oriental, how about those of lower stages 
of culture and more primitive modes of thought ? 

must not overlook the fact that the majority of white men who mix with 
primitive folk are either untrained observers or their training is such that it 
renders them yet more unsympathetic— one might say antagonistic— to the native 
point of view. The ignorance and prejudice of the white man are great hindrances 
to the understanding of native thought. 

When students at home sift, tabulate, and compare the available records they 
get a wider view of the problems concerned than the investigator in the held is 
apt to attain. Generalisations and suggestions crystallise out which may or may 
not be true, hut which require further evidence to test them. So the student 
asks for fresh observations and sends the investigator back to his field. 

The term ‘ totemic ’ has been used to cover so many customs and beliefs that it 
is necessary to define the connotation which is here employed. 

It appears from Major J. W. I*owell’s recent account of totemism ^ that the 
Algonkin use of the term ‘ totem ’ is so wide as to include the representation of the 
animal that is honoured (but he does not state that the animal itself is called a 
totem), the clay with which the person was painted, the name of the clan,® and 
that of the gens,^ the tribal name, the names of shamanistic societies, the new name 
assumed at puberty, as well as the name of the object from which the individual is 
named. He distinctly states, ‘We use the term “ totemism” to signify the system 
and doctrine of naming.’ I must confess to feeling a little bewildered by this 
terminology, and I venture to think it will not prove of much service in advancing 
our knowledge. It looks as if there had been some misunderstanding, or that the 
Algonkins employed the word ‘ totem ’ to cover several different ideas because they 
had not definite terms with which to express them. Major Powell’s definitions 
practically exclude those cults which are practised in various parts of the world, 
and which by the common consent of other writers are described as totemic. 

Professor E. B. Tylor has given ’ the following clear exposition of Ins inter- 
pretation of the American evidence : ‘ It is a pity that the word “ totem ” came over 
to Europe from the Ojibwas through an English interpreter who was so igjiorant 
as to confuse it with the Indian hunter’s patron genius, his manitu, or “ medicine.” 
The one is no more like the other than a coat of arms is like a saint’s picture. 
Those who knew the Algonkin tribes better made it clear that totems were the 
animal signs, or, as it were, crests, distinguishing exogamous clans ; that is, clans 
bound to marry out of, not into, their own clan. But the original sin of the 
mistake of Long the interpreter has held on ever since bringing the intelligible 
institution of the totem clan into such confusion that it has become possible to 
write about sex totems ” and “ individual totems,” each of which terms is a self- 
contradiction. . . . Totems are the signs of intermarrying clans.’ 

A reviewer in ‘ L’Annde Sociologique,’ iu 1899, says (p. 202) ; ‘ One must avoid 
giving to a genus the name of a species. It will he said these are merely verbal 
quibbles ; but does not the progress of a science consist in the improvement of its 
nomenclature and in the classification of its concepts ? ’ 

Totemism, as Br. Prazer and as I understand it, in its fully developed condition 
implies the division of a people into several totem kins (or, as they are usually 
termed, totem clans), each of which has one, or sometimes more than one, totem. 
The totem is usually a species of animal, sometimes a species of plant, occasionally 
a natural object or phenomenon, very rarely a manufactured object. Totemism 

1 Mm, 1902, No. 75. 

® A group that reckons descent only through the mother. 

3 A group that reckons descent only through the father. 

‘ Um, 1902, No. 1 ; cf. Jowm, AoAroiL xxviii. 1S98, p, L9H. 



TRANSACTIONS OF SECTION H. 


3 


also involTes tlie rule of exogamy, forbidding marriage within the kin, and 
necessitating intermarriage between the kins. It is essentially connected with 
the matriarchal stage of culture (mother-right), though it passes oxer into the 
patriarchal stage (father-right). The totems are regarded as kinsfolk and 
protectors or benefactors of the kinsmen, who respect them and abstain from 
killing and eating them. There is thus a recognition of mutual rights and 
obligations between the members of the kin and their totem. The totem is the 
crest, or symbol of the kin. 

Sometimes all the kins are classified into two or more groups ; for example, 
in Mahuiag, in Torres Straits, there is a dual grouping of the kins, the totems of 
which are respectively land and water animals; and in speaking of the latter group 
my informant volunteered the remark, ‘ They all belong to the water ; they are all 
friends.’ On the mainland of New Guinea also I found that one group of the 
totems ‘ stop ashore,’ while the other ‘ stop in water.’ When no member of a 
group of kins in a community can marry another member of that same group, 
that group is termed a phratry. An Australian tribe is generally divided into 
two exogamous phratries. 

North America is the home of the term ^ totem,’ and though typical totemism 
does occur there, it is often modified hy other customs. In Australia we find 
true totemism rampant, and it occurs in Africa, where also it is subject to much 
modification. Quite recently the Rev. J. Roscoe has published an important 
paper ^ on the Baganda, in which he describes a perfectly typical case of totemism. 
Among the Baganda there are a number of kins each of which has a totem, 
muziro. The kin, Jcikn, is called after its totem ; no member of a kin may kill 
or eat his totem, though one of another kin may do so with impunity. No one 
mentions his totem. Old people affirm their fathers found some things injurious 
to them either as food or to their personal safety, and made their children promise 
not to kill or eat that particular thing. No man may marry into his mother’s 
kin, because all the members of it are looked upon as sisters of his mother ; nor 
may he marry into his father’s kin except in the case of two very large kins. In 
Uganda royalty follows the totem of the mother, whilst the common people follow 
the paternal totem. Each kin has its own special part of the country where the 
dead are always buried. For sympathy or assistance the member of a kin always 
turns to his particular kin. From what Mr. Roscoe says about the married 
women of the Green Locust kin, it is evident that the magical aspect of totemism 
is present as it is in Australia and Torres Straits. The Baganda are thus a true 
totemic people who are in an interesting transitional condition between matri- 
archy and patriarchy. Totemic practices also occur in various parts of Asia. 

To put the matter briefly, totemism consists of the following five elements: — 

1. Social organisation with totem kinsmen and totem symbols. 

2. Reciprocal responsibilities between the Mn and the totem. 

3. Magical increase ^ or repression of the totem hy the kinsmen. 

4. Social duties of the kinsmen. 

6. Myths of explanation.. 

Totemism is only one of several animal cults, and it is now necessary to consider 
certain cults that have been termed totemic before I proceed with the main object 
of this Address. 

‘ Joiim. A^ithfoj). Inst., xxxii. 1902, p. 25. 

- The first intimation of this aspect of totemism is entirely due to the researches 
of Messrs. Spencer and Gillen (,The Native Tribes of Central Australia, 1899). Dr. 
J. G. Frazer, appreciating the value of these observations, extended the conception 
to totemism generally, Journ. Anthrop. Inst, xxviii. 1899, p. 285, read December 14, 
1898 ; the Fortnightly Review, April 1899, pp. 664, 666 ; cf. also ' Israel and Totem- 
ism,’ by S. A. Cook, Jewish Quart Review, April 1902, pp. 25, 26 of reprint. 
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Manitu {Guardian Spirit), 

"Very widely spread in North America was the belief in guardian spirits which 
ppeared to young men in visions after prayer and fasting. It then became the 
duty of the youth to seek until he should find the animal he had seen in his 
trance ; when found he must slay and preserve some part of it. In cases when 
the vision had been of no concrete form a symbol was taken to represent it : 
this memento was ever after to be the sign of his vision, the most sacred thing he 
could ever possess, for by it his natural powers were so to be reinforced as to give 
him success as a hunter, victory as a warrior, and even power to see into the 
future. 

The guardian spirit was obtained in various ways by different American tribes, 
but the dream apparition was the most widely spread. Dr. Frazer ^ calls it 
^individual totem’; Miss Fletcher speaks of the object dreamed of (the wakube 
of the Omaha) as the ^personal totem’ or simply as the ^ totem’; it is termed 
by the Algonkin mmitu, by the Huron okU, by the Salish Indians sulia, and 
nagml in Mexico. Perhaps it would be best to adopt either wahube or manitu 
to express the guardian spirit. 

Miss Alice 0. Fletcher finds that among the Omaha those who have received 
similar visions, that is, those who have the same tvahube, formed brotherhoods 
which gradually developed a classified membership with initiatory rites and 
other rituals. These religious societies acquired great power ; still later, according- 
to this observer, an artificial social structure, the ‘ gens,’ was organised on the 
lines of the earlier religious societies. Each ‘ gens ’ had its particular name, which 
referred directly or symbolically to its totem, and its members practised exogamy 
and traced their descent only through the father. ^ As totems could be obtained 
in but one way-through the rite of vision— the totem of a gens ” must have come 
into existence in that manner, and must have represented the manifestation of an 
ancestor’s vision, that of a man whose ability and opportunity served to make 
him the founder of a family.’ Mr. C. Hill-Tout,® in discussing the origin of the 
totemism of the aborigines of British Columbia, states ‘ There is little room for 
doubt that our clan totems are a development of the personal or individual totem 
or tutelar spirit, as this is in turn a development of an earlier fetishism.’ 

Dr. F. Boas points out^ that the tribes of the northern portion of the North 
Pacific group of peoples, such as the Tlingit, Haida, and Tsimshian, have a 
maternal organisation with animal totems : the clans bear the names of their respec- 
tive totems and are exogamous. The central tribes, particularly the Kwakiutl 
show a peculiar transitional stage. The southern tribes have a purely paternal 
organisation, and their groups are simple village communities which are often 
exogamic. 

Dr. Boas distinctly asserts ■’ that ‘ the natives do not consider themselves 
descendants of the totems ; all endeavours to obtain information regarding the 
supposed origin of the relation between man and animal invariably led to the 
telling of a myth in which it is stated how a certain ancestor of the clan in 
question obtained his totem. ... It is evident that legends of this character 
correspond almost exactly to the tales of the acquisition of manitowa amono- the 
eastern Indians, and they are evidence that the totem of this group of tribes\s in 
the main the hereditary manitow of a family." This analogy becomes still 

' Totemism, 1887, pp. 2, 63. 

2 ‘ The Import of the Totem,’ Amer. Assoc. Adv. 8ei., Detroit Meeting, Auo-ust 1897 

® Trms. Roy. Soo. Cmada (2nd ser.), vii., sect. 2, 1901, p. 6. 

< Report U.8. Nat. Miis., 1896 (1897), pp. 322, 323, 334* ^ I o p 

_« But Mr. E. S, Haitland points out (mk-lore, xi. 1900, p. Cl) that we have dear 
evidence from the legends of the descent at all events of some of the clans from 
non-human ancestors; and Mr. Hill-Tout say«: ‘Among the Salish tribes it is 
uniformly believed that in the early days, before the time of the tribal heroes or 
great transformers, the beings who then inhabited the world partook of the cliar-id er 
of both men and animals, assuming the form of either apparently at will ’ ’ ' 
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clearer when we consider that each man amon^ these tribes acqnhes a guardian 
spirit, but that he Ciiu acquire only such as belong to his clan. Thus a person 
may have the general crest of his clan, and besides use as his personal crest such 
guardian spirits as he has acquired. This accounts partly for the great multi- 
plicity of combinations of crests on the carvings of these people.’ 

Throughout a considerable portion of North America there appears to be a 
mixture of variously developed cults of the totem and of the manitu. It is not 
perhaps possible at present to dogmatise as to the relative chronology of these 
two cults. Personally I am in favour of the superior antiquity of the totem 
cult, as the conception of an individual spirit-helper appears to me to be of a 
higher grade than the ideas generally expressed by purely totemic peoples, or 
what may be gathered by implication from a study of their ceremonies. 

The social organisation appears to be very weak in some Californian tribes ; 
our knowledge of the Seri in this respect is very meagre, but Pr. Dixon definitely 
denies ^ the existence of totemic grouping among the Maidu. 

Accepting then for the present the priority of the totem cult, we find a 
substratum of totemism underlying many of the social organisations in North 
America. Eeligious societies are a noticeable feature of the social life of North- 
west America ; those societies have the guardian spirit {manitu) as their central 
idea, but it appears as if the organisation is rooted in a clan® system which has 
been smothered and virtually destroyed by the parasitic growth. The problems 
to be solved in North-west America are very complicated, and we must await 
with patience further researches. It is perfectly evident from the researches of 
Boas, Nelson, Hill-Tout, and others that comparatively recent great changes 
have taken place. Dr, Boas indeed states that ‘ the present system of tribes and 
clans (of the Kwakiiitl) is of recent growth and has undergone considerable 
changes.’ ^ An interesting illustration of this is found in the alteration in the 
organisation of the (Kwakiutl) tribe during the season of the winter ceremonial. 

‘ During this period the place of the clans is taken by a number of societies, namely, 
the groups of all those individuals upon whom the same or almost the same 
power or secret has been bestowed by one of the spirits.’ ^ The characteristic 
North American idea of the acquisition of the manitu was evidently also funda- 
mental among the Kwakiutl, as all their tales refer to it, and the whole winter 
ceremonial is based on it. 

I agree in the main with Mr. Hartland^ in thinking that, ‘whether or no 
totemism was anciently a part of the tribal organisation, the manitu conception is 
of modern date. It is part of the individualism which is tending, not among 
these tribes only, to obscure the older communistic traditions.’ 

Fya/rong. 

Allied to the manitu of North America is the nyarong^ or spirit helper, of the 
I ban (Sea Dayaks) of Sarawak. The Iban believe that the spirit of some ancestor 
or dead relative may come to them in a dream, and this nyarong becomes the 
special protector of the individual. An Iban youth will often retire to some lonely 
spot or mountain-top and live for days on a very restricted diet in his anxiety to 
obtain a vision. This custom is called mampoh. On the following day the 
dreamer searches for the outward and visible form of the yiyarong, which may 
be anything from a curious natural object to some one animal. In such cases the 
nyarong hardly differs from a fetish. In other cases, as the man is unable to 
distinguish the particular animal which he believes to be animated by his nyarong, 
he extends his regaird and gratitude to the whole species. In some instances all 
the members of a man’s family and all his immediate descendants, and if he be a 
chief all the members of the community over which he rules, may come to share 
the benefits conferred by the nyarong and pay respect to the species of animal in 
one individual of which it is supposed to reside. ‘ In such cases,’ Drs. Hose and 

’ £uM. Amer. Mu.s. Nat. Hist.., xvii., pt. 2, 1902, p. 35. 

® Matriarchal totemic kin. L.c., p. 333. 

* L.e.i p. 418. Folk-lore, xi. p. 68. 
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McDougall remark,^ ‘ the species approaches very closely the clan totem in some 
of its varieties.’ Here we have a parallel to the North American custom^ but the 
later stages are not carried as far. 

Personally I concur in the opinion expressed by Drs. Hose and McDougall 
that there is no proof that the peculiar regard paid in Sarawak to animals, the 
sacrifice of animals to gods or spirits, the ceremonial use of the blood of these 
sacrificed animals are survivals of a fully developed system of totem worship now 
fallen into decay. It is very significant that the magical and social aspects of 
totemism are entirely lacking. 

Those who have read Miss Alice Fletcher’s sympathetic account of ‘ The 
Import of the Totem can scarcely fail to recognise that the moral support due 
to a belief in the guidance and protection of a 'waliube (' personal totem ’) is of 
great importance to the individual, and would nerve him in difficulty and danger, 
and thus proving a very present help in time of need it would surely justify its 
existence in a most practical manner, and consequently be of real utility in the 
struggle for existence — a struggle which in man has a psychical as well as a 
material aspect. 

The advantages of totemism are many, but moat of them are social and benefit 
the special groups or the community at large. The hold that the mdnitu has on 
the individual consists in its personal relation : the man feels that he himself is 
helped, and I suspect this is the main reason why it supplants totemism. 1 
believe Mr. Lang some years ago suggested the term manituism for this cult. If 
this name be not accepted I venture to propose the revival of the word ‘ daimon ’ 
(Baificov) to include the manitu, ny wrong ^ and similar spirit helpers, and ‘ daimonism ’ 
as the name of the cult. 

Theriomorphic Ancestor Worsh^o- 

Dr. Frazer calls attention ^ to a publication by Dr. G. McCall Theal in which 
he describes the tribal veneration for certain animals, siboko. The Bantu believed 
that the spirits of the dead visited their friends and descendents in the form of 
animals. Each tribe regarded some particular animal as the one selected by the 
ghost of its kindred, and therefore looked upon it as sacred. Dr. Frazer says : 
^ Thus the totemism of the Bantu tribes of South Africa resolves itself into a 
particular species of the worship of the dead ; the totem auimals are revered as 
incarnations of the souls of dead ancestors. This entirely agrees with the general 
theory of totemism suggested by the late S. G. A. Wilken, and recently advo- 
cated by Professor E. B. Tylor.’ ® But is this totemism ? The siboko are the re- 
sidences of the ancestral spirits of the tribe, not of a clan ; there is no mention of 
siboko exogamy. Is this anything more than theriomorphic ancestor worship ? 
There can, however, be little doubt that true totemism did occur, and probably 
universally so, among the Bantu people ; but some of the tribes appear to be in a 
transitional state, and others have doubtless passed beyond typical totemism. The 
decay of the Bantu totemism in South Africa appears to have been mainly due to 
a patriarchal organisation combined with a pastoral life.'’ 

In describing Dr. Wilken’s theory that the doctrine of the transmigration of 
souls affords the link which connects totemism with ancestor worship, Professor 
Tylor concludes as follows: ‘ By thus finding in the world-wide doctrine of soul- 
transference an actual cause producing the two collateral lines of man and beast 
which constitute the necessary framework of totemism, we seem to reach at least 
something analogous to its real cause.’ I have already expressed my belief that 
the animal cults of the Malay Archipelago, so far as they are known at present, 

^ Joum. Anthrop. Inst., xxxi. 1901, p. 210. 

Amer. Assoa. A(h. Sd., Section Anthropology, Detroit Meeting, Auuust 1897. 

® Mm, 1901, No. 3. ^ 

* Records of South-eastern Africa, vii. 1901." 

* Jomn, Anthrop. Inst., xxviii. p. 146. 

« E. Durkheim, L'Amce Sociologidiw, v. 1902, p. 330; if also F. B. Jevons, Intro- 
dudion to the History of Religion, 1902, pp. l.'iS, 158. 
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cannot be logically flo^''‘ribed as totemism, and the majority of the peoples of this 
area have so long passed out of savagery that we are hardly likely to find here an 
unequivocal clue to the actual origin of totemism. 

The reverence paid to particular animals or plants by certain groups of people 
in Fiji may, as Mr. Lorimer Fison says,^ ^look like reminiscences’ of totemism, 
but he has ‘‘no direct evidence.’ It surely belongs to the same category as the 
Samoan custom of which lir. George Brown writes : * ^ In Samoa every principal 
family had some animal which they did not eat, and I have always regarded this as 
meaning, not that they thought the animal divine, or an object of worship, but 
that it -vvas the shrine ” in which their ancestral god had dwelt, or which was 
associated with some fact in their past history which had led them to adopt it as 
their totem.’ An opinion which Professor Tylor has independently expressed/ 
but he naturally dissents from the incarnate god being termed a ^ totem.’ 

I agree with Dr. Codrington ^ in doubting whether the evidence warrants a 
belief in totemism as an existing institution in the Southern Solomon Islands. I 
suspect that totemism has been destroyed over a considerable portion of Melanesia 
by the growth of secret societies as weU as by theriomorphic ancestor worship. 
Herr R. Parkinson/ however, proves true totemism in the Northern Solomon 
Islands as the Rev. B. Banks had previously done'" for New Britain, Duke of York 
Island, and New Ireland. 

The more one looks into the evidence the more difficult is it to find cases of 
typical totemism ; almost everywhere considerable modification has taken place, 
often so much so that the communities cannot logically be called totemistic. The 
magical increase of the totem by the clansmen does not appear to be common, but 
that may he due to its having been overlooked ; on the other hand, magic may be 
performed against the totems to prevent them from injuring the crops, as in the 
case of the ^ Reptile people ’ of the Omaha.* 

A^iimal Brethren, 

Throughout South-eastern Australia and probably elsewhere in that continent 
there is a peculiar association of a species of animal, usually a bird, with each sex. 
To take two examples given by Mr. A. W. Howitt,® ^ the bird totems of the 
Kurnai are the Emu, Wren, and the Superb Warbler, which are respectively the 
“ man’s brother ” and “ woman’s sister.” . . . When we turn to the Kuhn we find 
both the Kurnai totems in just the same position. In addition there are also a 
second male and female totem, namely, the Bat and the small Night Jar.’ Mr. 
Howitt is careful to point out, ‘ They are not true totems in the sense that these 
represent subdivisions of the primary classes ; yet they are true totems in so far 
that they are regarded as being the brothers ” and “ sisters ” of the human beings 
who bear their natnes.’ Mr. A. L. P. Cameron^ also states that these are ‘ some- 
thing different from ordinary totems.’ Later Mr. Howitt says : ‘ Among the 
Wotjohaluk tribe which have a true totemic system these were real totems 
although of a peculiar kind. They were called yaur^ or “ flesh,” or ngirabul, or 
7mr, just as were the totems proper. The only ffifference was that the Bat was 
the brother of all the men, while any one totem was the brother only of the men 
who bore it as their totem. ... It is evident that the institution of the “ man’s 
brother” and the woman’s sister” as totems is very widespread throughout 
Australia. I have traced it over an extent of about a thousand miles and in 
tribes having marked diff’erences in language and in social organisation. It seems 
to be very persistent and enduring, for it remained among the Kurnai in full force 

' Ami. Rep. Brit. New Gidnea, 1807-1)8, p. 136. “ Ibid.., p, 137. 

JouTih. Anthroj). Inst., xxviii. p. 142. “ The Melanesians, 1801, p. 32. 

Abh. Ber. h. Zool. Antli. Etli.JRns. Dresden, vii. 1809, Nr. 6. 

Jown. Antlirop. Inst., xviii. T889,p. 281. 

^ J. 0. Dorsey, Ann. Rep. Bimm Bthnol, 1 881-82 (1884), p. 248. 

® loimi. Anthrop. Inst., xv. 1886, p. 416. 

® IU(],., xiv. 1885, p. 350, Ibid., xviii. 1888, pp, 57, 69. 
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after tlie ordinary social organisation in class divisions and totems had become 
extinct.’ Mr. Howitt speaks of these as ' abnormal totems/ and Dr. Frazer ^ 
calls them ‘ sex totems.’ As it appears most desirable to distinguish between 
this cult, which is confined to Australia, and true totemism I propose, in default 
of a distinctive native term, to call these reverenced animals ‘ animal brethren.’ 
Although the natives do not appear to distinguish nominally between these 
animal brethren and ordinary totems, it does not follow they are to be considered 
as the same. I am calling attention to an analogous confusion of terms in the 
totemism of Torres Straits. 

I must now pass on to a further consideration of true totemism as understood 
by Tylor, Frazer, Lang, Hartland, Jevons, Durkheim, and others, as it is impossible 
within the limits of an Address to give an account of all the varieties of pseudo- 
totemism. 

A Bvjggestion concerning the Origin of Totemism. 

I take this opportunity to hazard a suggestion for a possible origin of one 
aspect of totemism. Primitive human groups, judging from analogy, could never 
have been large, and the individuals comprising each group must have been closely 
related. In favourable areas each group would have a tendency to occupy a 
restricted range owing to the disagreeable results which arose from encroaching 
on the territory over which another group wandered. Thus it would inevitably 
come about that a certain animal or plant, or group of animals or plants, would be 
more abundant in the territory of one group than in that of another. To take a 
clear example, the shore-folk and the river-folk would live mainly on different 
food from each other and both would have other specialities than fell to the lot 
of the jungle-folk. The groups that lived on the seashore would doubtless have 
some natural vegetable products to supplement their animal diet, but the supply 
would probably be limited alike in quantity and variety. Even they would 
scarcely have unlimited range of a shore line, and there would be one group of 
shore-folk that had a speciality in crabs, another would have shell-beds, while a 
third would own sandy shores which were frequented by turtle. A similar natural 
grouping would occur among the jungle-folk : sago flourishes in swampy land, 
certain animals frequent grassy plains, others inhabit the dense scrub, bamboos 
grow in one locality, various kinds of fruit trees thrive best in different soils ; the 
coastal plains, the foot hills, the mountains, each has its characteristic flora 
and fauna. There is thus no difficulty in accounting for numerous small human 
groups each of which would be largely dependent upon a distinctive food supply 
the superfluity of which could be bartered^ for the superfluities of other groups. 
These specialities were not confined to food alone ; for example, the shore-folk 
would exchange the shells they collected for the feathers obtained from the 
jungle-folk. 

It may be objected that in the great prairies and steppes of America, Eurasia, 
and Australia the natural products are very uniform ; but these areas are not 
thickly populated, and in most cases they probably were only inhabited when the 
pressure of population in the localities with more varied features forced migration 
into the open. Certainly these were never the primitive homes of man. 

In a recent paper read before the Folklore Society Mr. Andrew Lang put 
forward the hypothesis that while each primitive human group called itself ' the 
men ’ they named the surrounding groups from the names of animals or plants, and 
hence arose totemism. The idea that there was an intimate connection between 
the group and the object from which they were nicknamed would soon be 
developed, and inyths of origin would spring up to account for the name. Mr. 
Lang 8 theory, still unpublished, regards totem names as given from without for a 
variety of reasons, amongst which, I understand, he includes my own suggestion. 


^ Totemism, p. 51 ; TJie Golde/i Bovgh, hi, p. 4?6. 

/ It may be objected that the idea of barter is by no means primitive ; but as I 
believe that sociability was a fundamental characteristic of primitive man I can see 
no reason why it should not have occurred quite early in a rudimentary sort of way. 



TRANSACTIONS OF SECTION E. 


His conjecture is based on the similar names, or sobriquets, of villages in the 
folklore, or blason populaire, of France and England, which, again, is almost 
identical with the extant names of Fed Indian totem Mildred now’- counting 
descent in the male line. Similar phenomena occur in Melanesia with female kin. 
Mr. Lang is rather indifferent to the causes of the name-giving so long as the 
name-giving comes from without and applies to groups, not to individuals. 

To return to my suggestion. Among the shore-folk the group that lived mainly 
on crabs and occasionally traded in crabs might well be spoken of as ^ the crab-men ’ 
by all the groups with whom they came in direct or indirect contact. The same 
would hold good for the group that dealt in clams or in turtle, and reciprocally 
there might be sago-men, bamboo-men, and so forth. It is obvious that men who 
persistently collected or hunted a particular group of animals would understand 
the habits of those animals better than other people, and a personal regard for 
these animals would naturally arise. Thus from the very beginning there would 
be a distinct relationship between a group of individuals and a group of animals 
or plants, a relationship that primitively was based, not on even the most 
elementary of psychic concepts, but on the most deeply seated and urgent of 
human claims, hunger. 

There is scarcely any need to point out that the association of human groups 
with fearsome animals would arise by analogy very early. Hence tiger-man and 
crocodile-man would restrain the ravages of those beasts (Dr. Frazer ^ describes 
this as the negative or remedial side of totemic magic) ; but I take it this was 
not as primitive as the nutritive alliances. The relation between groups of men 
and the elements has a purely economic basis ; for example, rain is rarely required 
I'or itself, but as a means for the increase of vegetable food ; similarly the fisher- 
man wants a wind to enable him to get to and from his fishing grounds. 

The next phase is reached when man arrived at elementary metaphysical con- 
ceptions and endeavoured by sympathetic or symbolic magic to increase his food 
supply. Naturally the food or product that each group would endeavour to 
multiply would be the speciality or specialities of that group, and for this practice 
we now have demonstrative evidence. Though this may be an early phase of 
totemism I do not consider it the earliest : it can scarcely be the origin of totemism, 
but it doubtless helped to establish and organise the system. 

The essential difference between the view advocated by Dr. Frazer,^ and that 
here suggested is that according to him totemism ^ is primarily an organised and 
co-operative system of magic designed to secure for the members of the community, 
on the one hand, a plentiful supply of all the commodities of which they stand in 
need, and, on the other hand, immunity from all the perils and dangers to which 
man is exposed in his struggle with nature. Each totem group, on this theory, 
was charged with the superintendence and control of some department of nature 
from which it took its name, and with w^hich it sought, as far as possible, to 
identify itself.’ Whereas I suggest that the association between a group of men 
and a species of animals or plants was the natural result of local causes, and that 
departments of nature were not ‘ assigned to a particular group ’ of men. I think 
it is scarcely probable ‘ that in very ancient times communities of men should have 
organised themselves more or less deliberately for the purpose of attaining objects 
so natural by means that seemed to them so simple and easy.’ I suspect that if 
there was any deliberate organisation it was in order to regulate already existing 
practices. 

To us it might appear that these magical practices could be undertaken by 
anyone, but this does not seem to have been an early conception. As far as we 
can penetrate the mind of existing backward man there is a definite acknow- 
ledgment of the limit of his own powers. The members of one group can perform 
a certain number of actions ; there are others that they cannot undertake. One 
group of men, for example, may ensure the abundance of a certain kind of 
animal, but another will have power over the rain. An interesting example of 
this limitation is afforded at Poi^t Moresby, in British New Gninea, where the 


FoHnightly Review^ 1899, p, 835. 


^ Log. cit., 1899, p. 835. 



10 


REPORT — 1902. 


Motu immigrants Iiave to buy fine weatlier for their trading voyages from the 
sorcerers of the indigenous agricultural Koitapiid 

The remarkable researches of Messrs. Spencer and Gillen in Central Australia 
prove that it is the function of the kinsmen of a particular totem to perform what 
are known as intklmma ceremonies, the object of which is to cause the abundance 
of the species of animal or plant which is the totem of that kin. The descriptions 
of these ceremonies are well known to students.'-^ I have adduced further evidence 
of a like nature,^ and from what Mr. Roscoe has found in Uganda we may expect 
other examples from Africa. 

It may he that in some, possibly in all, of the instances of sympathetic and 
symbolic magic there is a belief that wind or sun, animal or plant, or whatever 
the objects may be, are animated by spirits akin to those of humankind ; but even so, 
as Dr! Frazer^ points out, the action of the magician is a direct one : it does not 
imply the assistance of other powers who can control the body or spirit of those ' 
objects. The data from Australia and Torres Straits point to the conclusion that 
there is a magical aspect of totemism, which is of great economic importance, and 
there is no evidence that the olficiators at these ceremonies acknowledge the 
assistance of spiritual powers resident either within the objects themselves or in 
the form of independent, more or less supreme beings. The existing data do not 
deny their existence, they simply ignore them in the ceremonies, and so far they 
are practically non-existent. 

According to the suggestion I have ventured to make, the primitive totemic 

S 8 ate their associated animals or plants; indeed these were their chief 
3 S of diet. Messrs. Spencer and Gillen point out® that while amongst most 
Australian tribes a man may not eat his totem, amongst the Arunta and other 
tribes in the centre of the continent there is no restriction according to which a 
man is altogether forbidden to eat his totem. On the other hand, though he may, 
only under ordinary circumstances, eat very sparingly of it, there are certain special 
occasions on which he is obliged by custom to eat a small portion of it, or otherwise 
the supply would fail. The Arunta are a peculiar people, while they may be primi- 
tive in some respects in others they are not so, as also has been pointed out by 
Durkheim.'^ According to the strict definition of the term, they are not even a 
totemic people. Judging from the evidence of the legends of the Alcheringa time 
and the traces of group marriage and mother right, Mr. Hartland^ is of opinion 
that the present disregard by the Arunta of the totem in marriage is a stage in the 
sloughing of totemism altogether, whereas the rngiouraf or final initiation cere- 
monies, indicate that ^the organisation is undergoing a slow transformation into 
something more like the so-called secret societies of the British Columbian 
tribes,’ 

The eating of what are evidently the totem animals by the Arunta may possibly 
he a persistence from an earlier phase, but, without doubt, the totem taboo is 
characteristic of totemism in full sway.^ We have evidence to show that under 
certain conditions the totem taboo may break down, but this is a later transfor- 
mation, and indicates a breaking up of the rigid observance of totemism. 

Mr. Lang has made a simple suggestion to account for the origin of the 
totem taboo. lie says : ‘ These men therefore would work the magic for propa- 
gating their kindred in the animal and vegetable world. But the existence of 


^ J. Chalmers, Pioneering in New Gubiea, 1887, p. 14. 

2 Baldwin Spencer and F. J. Gillen, The Native Triles of Central A iiatTalia, 
1899 ; ef. also J. G. Frazer, Fortnightly Review, 1899, pp. 648, 836. 

Folk-lore, xii. 1901, p. 230, and Rq>ort Cam.k A?hthrop. Fsejiedition to Torres 
Straits, vol. v. (in the press). 

‘‘ Loo. eit,, 1899, p. 667. * Log. cit., pp. 73, 167. 

® LAnnee Sooiologique, v. 1902. ’’ Folhlore, xi. 1900, pp. 73~75. 

® I am fully aware that this appears to cut thS ground from under my suggestion ; 
but the latter deals with incipient totemism, and 1 do not see why the totem taboo 
should not have arisen from several causes. 

® Magie and Religion, 1901, pp. 264, 265, 
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tliis connection would also suggest that, in common decency, a man should not 
kill and eat his animal or vegeiahle relations. In most parts of the world he 
abstains from this uncousiiily behaTiour ; among the Ariinta he may eat sparingly 
of his totem, and must do so at the end of the close-time or beginning of the 
season. He thus, as a near relation of the actual kangaroo or grubs, declares the 
season is open, now his neighbours may begin to eat grubs or kangaroos ; the 
taboo is ofi.’ Ur. Frazer puts forth two suggestions : ’ the one is that as animals 
do not eat their own kind, so man thought it inconsistent to eat his totem kin ; 
the other is a hypothetical idea of conciliation. 

I haye barely touched upon the relation of social organisation, with its marriage 
taboo, to totemism. It is by no means certain that the social regulations and 
customs, which are so much in eyidence in a fully developed totemic society, were 
primitively connected with totemism. So far as the iiruiita are concerned, Messrs. 
Spencer and Gillen believe ~ the ^ totemism appears to be a primary, and exogamy 
a secondary, feature . . . and that exogamic groups were deliberately iDtrodueed 
so as to regulate marital i*elations.’ But is this primitive ? 

If one admits that mankind was originally distributed in small groups, whicli 
must have consisted of near kin, it does not seem difficult to imagine that mar- 
riage -would more likely take place between members of contiguous groups rather 
than within the groups themselves. The attraction for novelty must always have 
operated, and in the struggle for existence there was always one advantage to be 
gained by alliances between neighbouring groups, not only from a commissariat 
point of view, but for offensive and defensive purposes. There is, of course, the 
converse of this, as wife-stealing would lead to feuds ; perhaps daughter-abduction 
was more frequent, and this probably was not regarded as an offence so serious 
that a mild scrimmage would not set matters right. It would not take long for 
wont to crystallise into rigid custom, and custom is always supported by public 
opinion. 

Social regulations must be later than social conditions, and I suspect that the 
privileges and taboos which run through the social aspect of totemism first arose 
when totemic groups were in process of aggregation into more complex com- 
munities, and afterwards gradually became fixed into a system. 

Eero-cults. 

The facts to which I have hitherto directed your attention fall well within 
the sphere of totemism, but I wish now to indicate two interesting departures 
from typical totemism, both of which occur among the Western tribe of 
Torres Straits. 

I have alluded to the dual grouping of the totem kins at Mabuiag, and an ana- 
logous arrangement occurred in the other islands ; I propose to speak of each group 
of kins as a phratry. Strictly speaking, a phratry is a group of exogamous kins 
within a community ; that is, no member of a group of kins (or phratry) could 
marry another person belonging to the same phratiy. The evidence that this is or 
was the case in the Western tribe of Torres Straits is strong, but it is not abso- 
lutely proven. 

In Yam, as in the other islands, there is at least one hood, or taboo ground, 
where sacred ceremonies were held. In the principal hood in Yam there was 
formerly a low fence surrounding a space about thirty-five feet square in which 
were the shrines of the two great totems of the island. All that now remains is 
several heaps of great Fusus shells. 

Two of the heaps are about twenty-five feet in length. Formerly at the 
southerly end of each long row of shells was a large turtle-shell (tortoise-shell) 
mask representing respectively a crocodile and a hammer-headed shark. These 
were decorated in various ways, and under each was a stone in which the life of 
the totem resided ; stretching from the front end of each maslc was a cord to 
which numerous human lower jaw-bones were fastened, and its other end was 

1 Fortnightly Review, 1899, pp. 838-40. 

^ Jonm. Anthrop. Inst., xxviii. 1899, pp. 277, 27R. 
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attached to a human skull, which rested on a stone. Beside the shrine of the 
hammer-headed shark was a small heap of shells which was the shrine of a sea- 
snake, which was supposed to have originated from the shark. These shrines 
were formerly covered over by long low huts, which like the fence were decorated 
with large Fusus shells. 

Outside the fence were two heaps of shells which had a mystical connection 
with the shrine : they were called the ‘ navels of the totems.’ 

I have referred to the inticUuma ceremonies of the Arunta tribe of Central 
Australia as being magical rites undertaken by certain kinsmen for the multiplica- 
tion of the totems. In some cases, apparently, the ceremonies may take place 
wherever the men happen to be camping ; in other cases there are dehnite locali- 
ties where they must be performed, as there are in these places certain stones, 
rocks, or trees which are intimately connected with the magical rites. These 
spots may be spoken of as shrines. In the island of Mabuiag the magical cere- 
mony for the alluring of the dugong was performed by the men of that kin in 
their own hwod, which was a fixed spot ; and doubtless this was the case in the 
other islands of Torres Straits, for even in the small islands there was a tendency 
to a territorial grouping of the kins. This localisation of a totem cult has 
proceeded one step further in Yam Island. Here we have a dual synthesis. The 
chief totem of each group of kins is practically alone recognised ; in other words, 
the various lesser totems are being absorbed by two more important totems. 
Each totem has a distinct shrine, and the totem itself, instead of being a whole 
species, is visualised in the form of a representation of an individual animal, and 
this image was spoken of as the totem {augud). Indeed, the tendency to con- 
cretism had gone so far that the life of the augud was supposed to reside in the 
stone that lay beneath the image,’ and certain heaps of shells were the navels of 
the totems, a further linkage of the totem to that spot of ground. 

A suggestion as to the significance of this transformation is not lacking. There 
are various folk-tales concerning a family of brothers who wandered from west to 
east across Torres Straits. Some of them were, in a mysterious way, sharks as 
well as men. The two brothers who went to Yam were called Sigai and Maiau, 
and each became associated, in his animal form, with one of the two pliratries. 
The shrines in the hwod were so sacred that no women might visit them, nor did 
the women know what the totems were like. They were aware of Sigai and 
Maiau, but they did not know that the former was the hammer-headed shark and 
the latter was the crocodile ; this mystery was too sacred to he imparted to the 
uninitiated. When the totems were addressed it was always by their hero names, 
and not by their animal or totem names. 

Malu, another of these brothers, introduced the cult that hears his name to the 
Murray Islanders, who form part of the Eastern tribe. He also was identified 
with a hammer-headed shark. Totemism, as such, had practically disappeared 
from Murray Island before the advent of the white man, and the great ceremonies 
at the initiation of the lads into the Malu fraternity were a main feature of the 
religion of these people. 

In Yam totemism was merging into a hero cult; in Murray Island the trans- 
formation was accomplished ; the one had replaced the other. 

In Mabuiag, one of the Western Islands, there was a local hero named Kwoiam 
whose deeds are narrated in a prose epic. liwoiam made two crescentic ornaments 
of turtle-shell, which blazed with light when he wore them at nighttime, and 
which he nourished with the savour of cooked fish. These ornaments were called 
totems {augud ) — presumably because the natives did not know by what other 
sacred name to call them — and they became the insignia of the two groups of kins 
of Mabuiag. The crescent which was worn above Kwoiam’s mouth was regarded 
as the more important, and those kins which had land animals for their totems 

* For the keeping of a soul in an external receptacle, and for Dr. Frazer’s views 
on its bearing on totemism, Q.t. Fortnightly Review, May 1899, p. 844; The Golden 
Bough, iii. 1900, pp.'418-423 ; and S. A. Cook, Jewish Quart Review, 1902, p. 34 of 
reprint. 
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were called from it ‘ the children of the gi*eat totem,’ hut the water group were 
called ‘ the children of the little totem.’ There is reason to believe that the dual 
grouping of the kins is ancient. The erecting Kwoiam’s emblems as the head 
totems of the two groups of kins must be comparatively recent. Here again the 
primitive association of a group of men with a group of natural objects obtains in 
the small groups or totem-kins, but in the larger synthesis a manufactured object 
replaces a group of animals, and this object possesses definite magical powers. 
There were two navel- shrines connected with the cult of Kwoiam, which were 
constructed to show that the two augvd were born there. When it was deemed 
necessary to fortify the auguA — ^that is, the emblems — ^they were placed on their 
respective navel-shrines. Further, in Muralug and the adjacent islands Kwoiam 
himself was a totem (augud). Thus in the westernmost islands of the Western tribe 
the transition from totemism to hero-worship was in process of evolution till it 
was arrested by the coming of the white man. 

To what was this transformation due ? It is not very easy to answer this 
question. We have evidence that in comparatively recent times a change took 
place in the social organisation of the people, and that the former matriarchal 
conditions had been replaced by patriarchal. Although superficially the marriage 
system of the Western tribe appears to be regulated by totemism, Dr. Eivers 
has found ^ that it is really a relationship system, and that descent, rather than 
totemism, is the regulating factor. The Eastern tribe, as represented by the 
Murray Islanders, had progressed further along this road than had the W^estern 
tribe. Such a change as this could not fail to have a disturbing effect upon other 
old customs. 

The folk-tales that I collected clearly indicate a migration of culture from 
New Guinea to the Western tribe, and from the Western tribe to the Eastern 
tribe. I believe I can demonstrate the migration from New Guinea of a some- 
what broad-headed people that spread over the NVestern Islands but barely 
reached Murray Island. It is conceivable that the culture myths have reference 
to this migration, and that the gradual substitution of a hero cult for totemism 
may be part of the same movement; but, on the other hand, this social and 
religious change is most thorough in Murray Island, where, I imagine, the 
racial movement has been least felt. The isolation of Murray Island from out- 
side disturbing factors is very complete, and, being but a small island, a change 
once started might take place both rapidly and effectively. 

It is interesting to note that the totem heroes of the W^estern tribe were 
invoked when their votaries were preparing to go to war. I obtained the 
following prayer in Yam Island: — ‘0 Augyd Sigai and 0 Augud Maiau, both 
of you close the eyes of those men so that they cannot see us,’ which had for 
its intent the slaughtering of the enemy without their being able to make a 
defence. I was informed that when the Yam warriors were fighting they would 
also call on the name of Kwoiam, who belonged to another group of islands, and 
on Yadzebub, a local warrior. Yadzebub was always described as 'a man,’ 
whereas Kwoiam and Sigai were relented to a ‘ long time ’ back. From the folk- 
tales it is evident that Sigai and Maiau are more mythical or mysterious than 
Kwoiam. We thus have an instructive series : Yadzebub, the local famous man ; 
Kwoiam, the hero, who was also a totem to other people ; and Sigai and Maiau, 
the local totem heroes whose cult was visualised in turtle-shell images, and the 
life of each of whom resided in a particular stone. Perhaps it would be more 
correct to speak of this as the grafting of a new cult on totemism rather than 
to describe it as an evolution of totemism. A transformation has certainly 
occurred, but it does not appear to me to be a gradual growth — a metamorphosis 
in the natural history sense of the term—so much as the pouring of new wine into 
old bottles. 

I hope on another occasion to deal with the question of religious and secret 
societies, as the growth of theses has invariably disintegrated whatever antecedent 
totemism there may have been, 

^ Reports Camh. Anthro]). Uxjwditmhio To.'res Straits, v, ‘ Kinship’ (in the -press). 
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It is Mgh-lj probable that something- like what was taking place in Torres 
Straits has occurred elsewhere, but I cannot now enter into a comparative study 
(d the rise of hero cults. 


Local or Village Exogamy. 

I have more than once ^ called attention to the fact that among some Papuans 
marriage restrictions are territorial and not totemic. Dr. Pavers “ has shown that 
in Murray Island, Eastern tribe of Torres Straits, marriages are regulated by the 
places to which natives belong, A man cannot marry a woman of his own 
village or of certain other villages. The totemic system which probably at one 
time existed in this island appears to have been^ replaced by what may be called 
a territorial system. A similar custom occurs in the Mekeo district of British 
New Guinea, and it is probably still more widely distributed. 

I was informed by a member of the Yaraikanna tribe of Cape York, North 
Queensland, that children must take the ‘ land ’ or ^ country ’ of their mother ; all 
who belong to the same place are brothers and sisters, a wife must be taken from 
another ^ country thus it appears their marriage restrictions are territorial 
and not totemic. The same is found amongst the Kurnai and the Coast Murring 
tribe in New South Wales.'^ 

At Kiwai, in the delta of the Fly Eiver, B.N.G., all the members of a totemic 
group live together in a long house which is confined to that group. I have 
also collected evidence which proves there was a territorial grouping of totemic 
elans among the Western tribe of Torres Straits.*"’ 

Within a comparatively small area we have the following conditions : — 

(1) A typical totemic community with totem-kin houses (Kiwai). 

(2) A typical totemic community with territorial grouping of the kins. 
Although there is totem exogamy, the marriage restrictions are regulated by 
relationship. The former mother-right has comparatively recently been replaced by 
father-right, but there are many survivals from matriarchy (Western tribe, 
Torres Straits). 

(3) A community in which totemism has practically lapsed, with village 
exogamy and marriage restrictions regulated by relationship, patriarchy with 
survivals from matriarchy (Eastern tribe, Torres Straits). 

(4) Total absence of totemism (?), village exogamy (Mekeo). 

I do not assert this is a natural sequence, but it looks like one, and it appears 
to indicate another of the ways out of totemism. It is suggestive that this order 
also indicates the application of the several peoples to agriculture : the people of 
Kiwai are semi-nomadic, those of the Mekeo district are firmly attached to the 
land. This constraint of the soil must have operated in a similar manner else- 
where.® The territorial exogamy occasionally found in Australia cannot be ex- 
plained as being due to agriculture; a rigid limitation of hunting grounds may 
here have had a similar effect. 

In offering these remarks to-day I desire, above all, to impress on you the 
need there is for more work in the field. When one surveys the fairly extensive 
literature of totemism one is struck with the very general insufficiency of the 
evidence ; as a matter of fact full and precise infoi*mation is lamentably lacking. 
The foundations upon which students at home have to build their siiperatxuctures 
of generalisation and theory are usually of too slight a character to support these 


' Foil-lore, xii. 1901, p, 333; Head-limters, Blael, White, and Brown, 1901, 
p. 358. 

2 Journ. Antlirop, Inst., xxx. 1900, p. 78. 

® Bnt. Assog, Beyort, Dover, 1899, p. 585 
* Frazer, Totemism, p. 90. 

Reports Camb. Anthrop. Expedition to T/yrres Stmits, v. (in the press). 

Of. L Annie Bociologigue, v. 1902, pp. 330, 333, 
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erections with much chance of their permanence. There is only one remedy for 
this, and that is more extensive and more thorough field work. The problems 
connected with totemism hear upon many of the most important phases in the 
social and religious evolution of man, the solution of which can only he obtained 
within the space of a few years. The delay of each year in the investigation of 
primitive peoples means that so much less information is possible to be obtained. 
There is no exaggeration in this. Those who have a practical experience of 
backward man and who have travelled in out-of-the-way places can testify as to 
the surprising rapidity with which the old order changeth. In sober earnestness 
I appeal to all those who are interested in the history and character of man, 
whether they be theologians, historians, sociologists, psychologists, or anthropo- 
logists, to face the plain fact that the only available data for the solution of 
many problems of the highest interest are daily slipping away beyond recovery. 
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The visits of tke British Association to a particular city recur with a certain 
irregular frequency and bring with them a temptation to the President of a Section 
to dwell in his opening Address on the progress made in the science associated 
with that Section during the interval between such consecutive visits. This 
course possesses a certain fascination of its own, for it enables us to realise how 
far the patient investigations of years have ultimately led to definite advances in 
knowledge and to appreciate the difficulties that have involved disappointments, 
and that still have to be surmounted. We like to look back upon the struggles, 
to record the triumphs, to deplore the failures, and to brace ourselves for new 
efforts. The opportunity afforded hereby for criticism of methods, for reconsidera- 
tion of what have been held to be fundamental principles, for the laying down of 
new lines of work based upon longer experience, shows us how desirable such a 
periodical retrospect may be. 

Standing as we do almost at the threshold of a new century, it seems particu- 
larly advisable that we shall occupy our thoughts with some such considerations 
to-day. I do not wish, however, so much to dwell upon the past and to lead 
my hearers to rest in any way satisfied with the achievements of the last 
century, phenomenal as they have been, as to direct attention to the future and 
to place before you some of those problems which at the opening of the twentieth 
century we find awaiting investigation, if not solution. 

I can only attempt to deal with a small portion of the botanical field. These 
are the days of specialisation, and when anyone is said to be a botanist, the 
question which arises at once is, Which particular section of botany is he 
associated with ? The same principle of subdivision which cut up the old subject 
of Natural History into Zoology, Botany, and Geology has now gone further as 
knowledge has increased, and three or perhaps four departments of botany must 
be recognised, each demanding as much study as the whole subject seemed to 
only fifty years ago. I shall therefore confine my remarks to-day to the field of 
vegetable physiology. 

I should like at the outset to recommend this section of botanical work to 
those of the younger school of botanists who are contemplating original research. 
To my mind the possibilities of the living organism as such present a fascination 
which is not afforded by tbe dry bones of morphology or histology ; valuable as 
researches into the latter are, they seem to me to derive their importance very 
largely from the past, from the possibility of indicating or ascertaining the line 
of descent of living forms and the relation of the latter to their remote ancestors. 
The interest thus excited seems to me to be ratber of an academic character 

K. 
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when compared with the actual problems of present-day life, its strug-p^les, 
triumphs, and defeats in the conflict lor existence waged to-day by every living 
organism. The importance of the study of physiology as bearing upon the 
problems of the morphologists has, I need hardly say, been fully recognised by 
the workers in that field. I may quote here a sentence or two from the Address 
of one of my distinguished predecessors, who said at Liverpool, ^ There is a close 
relation between these two branches of biology, at any rate to those who 
maintain the Darwinian position, for from that point of view we see that all the 
characters which the morphologist has to compare are, or have been, adaptive. 
Hence it is impossible for the morphologist to ignore the functions of those 
organs of which he is studying the homologies. To those who accept the origin 
of species by variation and natural selection there are no such things as morpho- 
logical characters pure and simple. There are not two distinct categories of 
characters — a morphological and a physiological category — for all characters 
alike are physiological.’ 

But apart from the considerations of the claims of vegetable physiology based 
upon its own intrinsic scientific value and the interest which its problems possess 
for the worker himself, and upon the place accorded to it as its relationship to 
morphology, it must, I think, he recognised as being of fundamental economic 
importance, especially in these times of agricultural depression. For many years 
now it has been recognised that agriculture is based upon science; that it 
involves indeed properly the application of scientific principles to the cultivation 
of the soil. But when we look hack upon what has passed for agricultural 
science since the alliance between the two has been admitted, we cannot but 
recognise how lamentably deficient in breadth it has been. The chemical 
composition of the soil and subsoil has been investigated with some thoroughness 
in many districts of the country. The effect of its various constituents on the 
weight and quality of the crops cultivated in it has been exhaustively inquired 
into, and a considerable amount of information as to what minerals are advan- 
tageously applied to the soil in which particular plants are to be sown has been 
acquired. A kind of empirical knowledge is tbus in our possession, in some 
respects a very detailed one, quantitative as well as qualitative records being 
available to the inquirer. But elaborate as have been the researches in tliese 
directions, and costly and troublesome as the investigations have been, they have 
been hardly, if at all, more than empirical. Till quite recently the physiological 
idiosyncrasies of the plants round which all these inquiries centred were almost 
entirely ignored. No serious attempt was made to ascertain the way in which a 
plant benefited by or suffered from the presence of a particular constituent of the 
soil. What influence, for instance, has potassium or any of its compounds upon 
the general metabolism of the plant? Does it affect all its normal iiutritivt3 
processes, or does it specially associate itself with some particular one ? If so 
which one, and how does the plant respond to its presence or absence by modifying 
its behaviour? So with phosphorus again; hardly any investigation can he 
made into the nutritive processes of a plant without this element becoming mor(‘ 
or less prominent. In some cases the empirical results already referred to show 
an enormous influence on the crop exerted by soluble phosphates in the soil oi* 
the manure applied to it. But what can yet be said as to the role played by 
phosphorus or by phosphates in the metabolic processes in the plant? Further, 
how do different plants show different peculiarities in their reactions to these 
various constituents of the soil ? For the advance of agriculture the study of the 
plant itself must now he added to the study of the soil. The fact that it is a 
living organism possessing a certain variable and delicate constitution, responding 
in particular ways to differences of environment, capable of adapting itself to a 
sertain extent to its conditions of life, dealing in particular ways with different 
nutritive substances, must not only be recognised, but must be the basis for the 
researches of the future, which will thus supplement and enlarge the conclusions 
derived from those of the past, in some respects correcting them, in others esta- 
blishing them on a firmer basis. 

In pressing upon the younger school of botanists the importance of this 
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line of researcli, 1 do not wish to mmimise the difficulties that accompany it. 
Difficulties of method assume considerable magnitude, for we have here no question 
of section cutting and microscopic examination. Vegetable physiology is allied very 
closely to other sciences, and research into its mysteries involves more than a 
preliminary acquaintance with them. Especially must one point out the im- 
portauce, indeed the necessity, of acquaintance with a certain range of organic 
chemistry and with chemical methods of work. In certain directions, too, physics 
are as much involved as chemistry in others. The bearing of these sciences in 
particular dii*ections will be referred to later. 

I fear another obstacle stands at the threshold of research which looks suf- 
ficiently formidable. The so-called fundamental facts of vegetable physiology 
have been laid down with sufficient dogmatism in text-books by many writers 
whose names carry with them such weight that it appears almost heresy to question 
their statements. We have been content to accept many things on the authority 
of the great workers of the past, with the result that the advance of knowledge 
has been hindered by such acceptance of what were deemed facts, but were 
really inaccuracies. We may refer, for instance, to the statement made by Boussin- 
gault, and accepted by most botanists ever since his time, that the absorption of 
carbon dioxide irom the air takes place by means of solution in the cuticle of the 
epidermal cells of plants and thence passes by diffusion to the seats of photosynthesis. 
Only comparatively recently has this been shown to be erroneous. If, however, 
it is once recognised that authority is fallible this apparent obstacle becomes the 
opposite. The more evident questions have not yet been solved, leaving only 
tlie more difficult ones for the present-day worker. 

Recognising the importance of work in this field, and realising that with the 
advent of a new century new departures must be taken, I have thought I might 
venture to direct the thoughts of my hearers, many of whom I may call my 
colleagues, to the present position of certain problems which have long been the 
subjects of speculation and which oiler the prospect, if not of complete solution, at 
any rate of considerable advance if investigated by modern methods. 

I turn first to a few questions connected with the nutritive problems of plants 
in general. 

There are several theories abroad as to the progTess of events during photo- 
synthesis, none of which can be regarded as entirely satisfactory. For many 
reasons it seems desirable that this question shall be thoroughly investigated in 
the light of the present condition of both chemical and physical science. I may 
perhaps venture to recall to you the principal hypotheses of carbohydrate forma- 
tion which have been advanced, so that its present position may be properly 
appreciated. 

The view that has met with the widest acceptance is that of Baeyer. On his 
hypothesis the carbon dioxide absorbed is decomposed under normal conditions to 
yield carbon monoxide and oxygen ; a corresponding and coincident decomposition 
of water leads to the production of free hydrogen and oxygen. The oxygen from 
both sources is exhaled, while the carbon monoxide and hydrogen combine to form 
formaldehyde. The formaldehyde gives rise by a process of polymerisation to 
some form of sugar. 

A. modification of this hypothesis has been advanced, which suggests that the 
preliminary decomposition of the carbon dioxide and the water may not take 
place, but that by a rather less violent reaction between them the formaldehyde 
may be formed and the oxygen liberated. 

Erlenmeyer has suggested a somewhat different course of reaction, yielding 
substantially the same results. He thinks it possible that the first interaction of 
carbon dioxide and water leads to the formation of formic acid and hydrogen 
peroxide, and that these subsequently interact with each other, yielding form- 
aldehyde and water and giving off^oxygen. 

Many years after the views of Baeyer appeared, a hypothesis of a different 
nature was proposed by Orato. He suggests that the carbon dioxide after 
absorption becomes ortho-carbonic acid, and tliat this remains in solution in the 
cell sap. This acid has the structure of a closed benzene ring in which six 
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molecules are linked togetlier. This becomes decomposed, liberating six molecules 
of water and six molecules of oxygen, and forming a hexavalent phenol which 
subsequently undergoes a molecular rearrangement and becomes glucose. 

Yet another suggestion was made by Bach in 189d. He points out that when 
sulphurous acid is exposed to light it becomes transformed to sulphuric acid, 
sulphur and water being split off, and he argues that a process analogous with 
this may take place in a leaf. The carbon dioxide uniting with water would form 
carbonic acid, and this might then split up in the same way as the sulphurous 
acid. The carbon and the water thus split off are on this hypothesis not set free 
separately, but in combination as formaldehyde. The higher carbon acid, to which 
Bach ascribes the formula H 2 CO 4 , splits up into carbon dioxide and hydrogen 
peroxide, and the latter is decomposed into water and free oxygen. 

Lieben has still more recently put forward the view that formic acid and not 
formaldehyde is formed by the first decompositions. He has found that leaves of 
grasses and various trees yield formic acid among other products when mixed with 
their own weight of water containing a trace of sulphuric acid, and distilled with 
steam. Moreover, when carbon dioxide is acted upon by nascent hydrogen the 
only product is formic acid. 

These speculations afford many points which might be well made the starting 
places of research. The views of Baeyer have met with most acceptance, though 
but little success has attended the few efforts that have been made to establish 
them by experiment. 

They involve several definite stages of action, of which the most important 
seem the production of carbon monoxide and hydrogen, the formation of form- 
aldehyde, and the construction of a sugar. The last two questions arise also in 
connection with the hypothesis of Bach. 

If we examine the* work that has been published bearing on the probability of 
the formation of carbon monoxide in the plant we find little that is satisfactory. 
The statements that have been made are opposed to the idea that carbon monoxide 
is of value in nutrition ; it is said that when supplied to a plant instead of carbon 
dioxide it does not lead to the formation of carbohydrates. It is further advanced 
that this gas is of a very deleterious nature, and if formed would result in the 
speedy death nf the protoplasm of the cell in which it originates. This idea is, of 
course, specious ; hut it does not appear to be well founded. The deadly character 
of Carlson monoxide when inhaled by a human being depends upon a peculiar 
interference which it causes with the oxygen-carrying power of the red blood 
corpuscles. The pigment haemoglobin to which these little bodies owe their use- 
fulness forms a loose chemical combination with oxygen, the compound being 
formed in the blood vessels of the lungs and being decomposed vdth the liberation 
of the oxygen in those of the tissues of the body. It is evident, therefore, that the 
value of the corpuscles as oxygen-carriers depends upon their haemoglobin. When 
this pigment is exposed to carbon monoxide it combines with it in the same way as 
it does with oxygen, forming, however, a more stable compound. The affinity for 
this gas which the pigment manifests is very considerable. Hence the poisonous 
nature of carbon monoxide. It is easily seen that the latter is a poison because it 
throws out of gear and temporarily paralyses a most essential part of the mechanism 
of respiration, effectually preventing oxygen from reaching the tissues of the body. 
There is no evidence here that it exerts even a deleterious influence upon the living 
substance itself. The only poisonous effect it would be able to exert on the plant 
would necessarily he of the latter character, for there is no oxygen-carrying 
mechanism that could be interfered 'with. We cannot lay any stress, therefore, on 
the objection to Baeyer’s view, based upon the action of carbon monoxide upon 
the human organism. 

Another possibility may, however, be mentioned. As we shall see later, there 
are certain resemblances between hsemoglobin and chlorophyll, the vegetable 
pigment concerned in photosynthesis. May nof carbon monoxide enter into some 
relationship with the latter, and thereby indirectly hinder its activity ? Of that, 
however, there is no reliable evidence, the facts known to us rather pointing in the 
opposite direction 
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Tlie idea of the poisonous nature of this gas may easily he subjected to experi- 
mental examination. It would appear easy to expose a plant to an artiticial 
atmosphere made up to different partial pressures of carbon monoxide, to expose 
it in such atmospheres to various conditions of warmth and illumination and to 
note the effect produced. It would seem possible to examine a great variety of 
plants in that way, to try both aerial and aquatic forms, and indeed to test the 
matter exhaustively. It must he borne in mind, however, that the solubility of 
carbon monoxide in water is extremely small, and that there may be a great 
difficulty in getting it brought within the scope of the inffuence of the living 
substance on that account. It must necessarily be in solution in the cell sap before 
it can affect the activity of the chloroplast. Even the relations of solubility are 
not, however, outside the range of experiment, and it may be that the slightly acid 
cell sap has not the same peculiarities as water as a solvent for the gas. 

It is important again to take into account in such work the factor of sunlight, 
on which the power of photosynthesis depends. Should carbon monoxide prove 
capable of serving as a basis for the formation of carbohydrates, the question 
would arise, Is the activity of the chlorophyll in sunlight confined to the 
preliminary formation of carbon monoxide from the dioxide, or is the energy 
derived from the light brought to bear upon the subsequent constructive pro- 
cesses ? We have little or no accurate information as to the way in which the 
energy is utilised after absorption by the chlorophyll. 

This opens up a very important but very difficult line of work, which brings 
home to us the intimate dependence of vegetable physiology upon physics. The 
absorption of energy from without, in the form of the radiant energy of the solar 
rays, is certainly a fact, and to a certain extent we can picture to ourselves the way 
in which it is secured. The spectrum of chlorophyll shows us a number of 
absorption bands whose position corresponds with the position in the spectrum of 
the places where oxygen is liberated in photosynthesis. But the transformation 
and applications of energy in the body of the vegetable organism need much closer 
examination. The intimate relationship between the different manifestations or 
forms of energy and the ways in which they can be transformed into one another 
have been very minutely scrutinised in recent times. What then should hinder 
us from learning something much more definite than we at present know about 
these transformations in the role of vegetable life ? The electrical phenomena 
connected with the movements of the leaves of the Venus’s fly-trap (Diomsa 
muscipula) have been examined with considerable completeness by Burdon 
Sanderson, and we have learned that the vegetable and animal organisms show 
considerable similarities in this respect. Recently again Bose has made important 
contributions to the subject of the electrical responses to stimulation that can be 
observed under particular conditions. A promising beginning has thus been made, 
but only a beginning. The electrical condition of the normal plant under different 
conditions of rest and activity has still to he investigated. If we return to the 
subject of photosynthesis and the work done by the chloroplast, may we not hope 
to discover something about the transformation and utilisation of the radiant 
energy associated somehow with this structure Considering the relations 
between the manifestations of energy which we appreciate respectively as light and 
electricity, it does not seem wildly improbable to imagine that the energy 
absorbed as the former may lead to a possible electrolysis of carbonic acid under 
the influence of the chloroplast, with the formation of carbon monoxide and 
oxygen. Pfeffer has suggested that perhaps the decomposition of the gas is not 
due to the light rays at all, and that they may exercise only a stimulating influ- 
ence upon the chloroplast, the energy concerned being derived from heat rays 
directly absorbed, or heat vibrations derived from the more rapidly vibrating 
light rays. In this case is the decomposition brought about directly by the heat 
vibrations, or have we a transmutation into some other form of energy ? The 
whole subject seems at all events It promising subject for inquiry. 

Another problem connected with the action of chlorophyll is associated with 
the absorption of radiant energy by the different regions of the spectrum. Bands 
of considerable intensity are noticeable in the blue and violet, though the deepest 
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absorption takes place in the red. Yet Kngelmami’s classic bacterium method 
shows us that very little evolution of oxygen takes place in the position of these 
bands in the blue and violet. The fact that absorption of radiant energy and 
photosynthetic activity show no quantitative relationship is of course not new, but 
the reason remains still to he discovered. Van Tieghem has suggested an explana- 
tion which recalls to us the hypothesis advanced by Pfeffer, j ust alluded to. This 
explanation is that there are two factors concerned in the action of chlorophyll, 
the elective absorption of light, shown by the occurrence of the absorption bands 
in the spectrum, and the calorific energy of the absorbed radiations. The failure 
of the rays of the blue and violet to etfect photosynthesis, in spite of their absorp- 
tion, would on this view be attributable to their possessing but little calorific 
energy. The latter is associated much more strongly with the deep band in the 
red, which is the seat of the maximum evolution of oxygen when the spectrum is 
thrown upon a collection of active chloroplasts. The heating rays alone are 
ineffectual, as shown by the fact that there is no liberation of oxygen in the region 
of the infra-red, due no doubt to the fact that chlorophyll does not absorb these 
rays. 

Timiriazeff, in his classical researches on the liberation of oxygen by the leaves 
of the bamboo when exposed in tubes of small calibre to a large spectrum, found 
that the amount of carbon dioxide decomposed by leaves is proportional to the 
distribution of effective calorific energy in the spectrum. 

Van Tieghem’s hypothesis that this is a matter of calorific energy may prove 
to be erroneous, and yet bis views may rest on some sound basis. It may be a 
matter in which electrical rather than calorific energy may be concerned. 

Eeturning now to the chemical steps demanded by Baeyer’s hypothesis there 
are certain considerations which may be urged in favour of the view that carbon 
monoxide really occurs in photosynthesis. It has been ascertained by Norman 
Collie that when a mixture of gases containing a large proportion of carbon 
dioxide is exposed at low pressures in a vacuum tube to the action of an electric 
discharge from an induction coil there is a very large formation of the monoxide, 
together with oxygen, in some cases as much as 70 per cent, of the gas, under- 
going decomposition. 

Appealing to the experience of various observers there seems on the whole to 
be a balance of evidence in favour of the power of plants to live and prosper 
in an atmosphere containing a very considerable percentage of carbon monoxide. 

The question of the possibility of the latter replacing the dioxide, as Ihc 
theory appears to require, is complicated very seriously by the differences of 
solubility between them. Carbon dioxide dissolves very readily in water and in 
cell sap ; carbon monoxide is almost insoluble in either. As the amount of a gas 
taken up by a solvent depends not only on its solubility, but upon its partial 
pressure, it is very evident that we cannot compare the two gases by admitting 
the same quantity of both to plants under simultaneous comparison. It is only 
necessary to supply the dioxide in the proportion of four parts in 10,000 ; but the 
almost insoluble nature of the monoxide makes it inevitable that from two to five 
per cent, shall be experimented with. The same question of solubility makes it 
almost out of the question to experiment witli an aquatic plant . 

It would be of considerable interest from this pohit of view also to inquire 
whether if carbon monoxide is liberated at the outset oi‘ the photosynihetic pro- 
cesses its combination with other groupings can take place apart from the action 
of chlorophyll. If so the fungi should be capable of carbohydrate construction 
if supplied under proper conditions with the monoxide and with hydrogen. The 
proper conditions, however, might be extremely difficult to establish. 

The next stage in the constructive processs affords still ample room for 
investigation. The presence of formaldehyde is not the hypothesis of Baeyer 
alone, but is demanded according to Bach’s viewS) though the stages of its hypo- 
thetical construction are not the same. We have therefore to ask whether form- 
aldehyde can be detected in plants, and if so whether the conditions under which il. 
may exist admit of its being considered an up-grade product in photosyntliesis. 
Objections to the theory of its formation may be advanced based upon its un- 
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doubtedly poisonous iiatiu-e. Of all tlie antiseptics now aTailable to tlie bacterio- 
logists it is perhaps the most potent, even traces being fatal to the form of 
vegetable protoplasm which is found in bacteria. We may argue that it 
must be equally deleterious in the cell containing chlorophyll and to the chloro- 
plast itself, as we have no reason to suppose that any ditference in vitality exists 
between the protoplasm of different plants. At first sight this appears an almost 
insuperable difficulty in the way of the theory. Formaldeh^vde has, however, tlie 
properties of aldehydes in general, one of which is the power of condensation or 
polymerisation. It passes with extreme readiness into a much more inert form, 
para-formaldehyde, a body in which three molecules of the formaldehyde are 
grouped together. It is therefore possible that it may be prevented from exercising 
its deleterious properties by a transformation at once into this comparatively 
harmless modification. This slowly decompose under proper conditions, 
giving off the free aldehyde. 

Pollacci has stated that it is possible to extract fonnaldeliyde from leaves. In 
his experiments he took such as had been exposed to light for a very considerable 
period and then macerated them in water. After a sufficient extraction he dis- 
tilled the leaves, together with the water in which they had been steeped. The 
first portions of the distillate yielded reactions indicative of the presence of form- 
aldehyde. His experiments do not enable us to say that free formaldehyde was 
there, for the more stable para-^oim would be likely to decompose during the 
distillation, so that the reactions would be explained without demanding the 
presence of the free aldehyde in the leaves. 

But little success has attended hitherto the attempt to show that formaldehyde, 
in the presence of chlorophyll, or preferably, we may say, of chloroplasts, can 
give rise to carbohydrates. We have nothing more satisfactory than Bckoruy’s 
experiments, in which, after failing to set up photosynthesis in a filament of 
Spirogyra fed with formaldehyde, he succeeded when he supplied the alga with its 
compound with sodium-hydrogen-sulphite. Experiments on a more comprehensive 
scale, conducted ou a variety of plants of difterent habits, are needed before we 
can regard the process as satisfactorily established. 

We have further to pursue the problem by an inquiry as to the nature of the 
sugar first formed. Certain considerations lead to the view that it is probable 
that a sugar of the aldose type must be accompanied hi the plant by a ketose. The 
hypothesis as stated by Baeyer, and so far accepted till quite recently, took no 
account of the latter. The aldose grape mgar was the one always suggested, 
and from this all others met with have been held to be constructed. The first 
appearance of a ketose, levulose^ or fruit sugar ^ has been associated with the 
hydrolytic decomposition of cane sugar, itself constructed presumably from the 
grape sugar, I fear sufficient attention has not been paid to probability or to the 
normal course of chemical action in framing our hypotheses, for it is rather 
difficult to see how some of the transformations somewhat dogmatically afiirmed 
can possibly take place. I may refer in passing to the statement that in the 
digestion of fat or oil during germination part of it is converted into starch or 
sugar. 

But to return to the construction of sugar. The condensation of formaldehyde, 
which can be brought about by the action of basic lead carbonate, loads to the 
formation of several sugars, each yielding its characteristic osazone. How far 
the condensation in the plant follows this is still uncertain. It is quite possible 
that stages intervene between formaldehyde and sugar of any kind. It has been 
suggested that formaldehyde in the presence of water may under the conditions 
obtaining in the leaf give rise to glycolaldehyde, a body which forms sugar very 
readily indeed. The formation of sugar directly from formaldehyde is a much 
longer process and is attended with greater difficulty. 

X may call your attention here to the views of Brown and Morris traversing 
the theory of the primary carbohydrate being grape sugar. In their classical 
paper on the chemistry and physiology of foliag-e leaves they have adduced strong 
evidence, based upon analyses of the sugar-content of leaves of Tropceolum majus, 
ill at in this plant at any rate the first sugar to be formed is cane sugar. Whether 
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or no this is the case in plants generally cannot at present be said, though it 
appears from many considerations probable. 

The part played by chlorophyll in photosynthesis has already been touched 
upon. Remarhably little is known about chlorophyll itself. It has so far been 
found impossible to extract it from the chloroplast without causing its decom- 
position, and hence our ideas of its constitution, such as they are, are based upon 
the examination of something differing in some not well-ascertained particulars 
from the pigment itself. A remarkable relationship is known to exist between 
the latter and iron, for unless this metal is supplied to a plant its chloroplasts do 
not become green. But the condition of the iron in the plant is uncertain ; it 
seems probable that it does not enter into the molecule of the pigment at all. 
A remarkable series of resemblances between derivatives of chlorophyll and 
derivatives of hsematin, the colouring matter of haemoglobin, has been brought to 
light by the researches of Schunck and Marchlewski, which is very suggestive. 
The same leaning towards iron is found in the two pigments, but in the case of 
haematm our knowledge is further advanced than in that of chlorophyll. The 
iron is known to he part of its molecule. It can by appropriate treatment be 
removed, and a body known as licevnatoporphy^in is then formed, which presents 
a most striking similarity to a derivative of chlorophyll which has been named 
pkyllopcyrpkyrin. The two pigments are almost identical in their percentage 
composition, the haematoporphyrin containing a little more oxygen than the other. 
Both seem to be derivatives of pyrrol. The most striking similarity between 
them is their absorption spectra, their ethereal solutions both showing nine hands 
of identical width and depth, those of haematoporphyrin being a little more 
towards the red end of the spectrum. Their solutions in alcohol and ether show 
the same colour and the same fluorescence. Though they differ in certain other 
respects, notably the facility with which they form crystals, it is impossible to 
deny that a close relationship seems probable. If this is established we may by 
analogy perhaps learn something about the part played by iron in the action of 
the chloroplast, which so far has proved as obscure as the relation of the metal 
to the pigment. It is very suggestive to recall the resemblances between the two 
pigments, the one playing so prominent a part in animal, the other in vegetable 
life. Both are associated with a stroma of proteid, or possibly protoplasmic, 
nature, in which a solution of the pigment is retained, apparently after the fashion 
of a sponge. Both are concerned in metabolic processes in which gaseous inter- 
changes play a prominent part. Both are in some way dependent on the presence 
of iron for their individuality, even if iron is not actually present in the molecule 
of both. The iron being removed, the derivatives which are found are almost 
identical. Burther researches may throw a light on this curious relationship, 
perhaps showing that chlorophyll may enter into a combination with carbon 
dioxide as haematin does with oxygen. Such a combination might well be the 
precursor of the decomposition of the carbon dioxide wbicb has been already 
spoken of. 

We meet with another pigment in many plants the physiological signiflcauce 
of which has in recent years begun to attract some attention. This is the red 
colouring matter, anthoeyan, apparently related to the tannins, which is developed 
especially in the young leaves of shade-loving plants when they become exposed to 
illumination exceeding the intensity which they normally encounter. The forma- 
tion of this pigment is greatest in tropical plants, where it is found usually in 
the epidermis of the young leaves, though in some cases it extends to the mesophyll 
as well. The pigment seems in some way to be supplementary to chlorophyll, ibr 
its absorption spectrum shows that it allows all the rays usetul in photosynthesis 
to pass through it. It is unlikely that it takes any share in photosynthesis. 
Several theories have been advanced to explain its presence ; it may he simply to 
protect the delicate cells from the destructive action of too intense light, or to 
avert the evil of overheating from the solar rays. It has been suggested that 
certain rays hinder the translocation of starch, and that the pigment shields the 
cells from the incidence of such rays. Again the view has been advanced that the 
red colour is important in accelerating the development of diastase from its 
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antecedent zymogen, which has been found to take place under the influence of 
the rays of a certain region of the spectrum. While all these views have been 
advanced, however, there is little positive information bearing upon either the 
formation or the function of the pigment. 

Very little progress has been made with the problem of the construction of 
proteid matter in the plant, which still confronts us. The question of its relation 
to the mechanism of photosynthesis has received some attention without leading 
to any satisfactory conclusion. Winogradski’s success in cultivating the nitrate 
bacteria upon purely inorganic matter reveals an unexpected constructive power 
in some forms of vegetable protoplasm. The question of the energy made use of 
in proteid construction is in an equally unsatisfactory condition. Laurent, 
Marchal, and Oarpiaux have stated that the rays of the violet and ultra-violet 
region of the spectrum are absorbed and devot^ principally to the construction 
of nitrogen compounds from the nitrates, or the compounds of ammonia, which are 
absorbed by the plant, while the intervention of the chlorophyll apparatus is 
unnecessary for this purpose. The experiments which they give in considerable 
detail upon this absorption carry much weight and appear conclusive. Unfortu- 
nately other observers have failed to confirm them, so that at present the matter 
must be left open. 

Among the problems connected with the nutrition of the plant, the part 
played by alcohol has recently come into prominence. Alcohol was originally 
associated only with the lower fungi, and especially with the yeast plant. Bio- 
logical problems of grave importance arose in connection with the Saccharomyces, 
apart from what seemed at first the larger question, viz., the nature of fermentation. 
A prolonged study of the latter phenomenon led Pasteur to the view that 
alcoholic fermentation is onJy the expression of the partial asphyxiation of the 
yeast, and its efforts to obtain oxygen by the decomposition of the sugar. 
It is hardly necessary here to remind you of the controversies that centred 
about tbe question of fermentation and tbe theories held and abandoned as to its 
cause. The biological phenomena have, however, a claim now upon our attention 
in the light of some very remarkable researches that are calling for our attention 
and criticism to-day. Pasteur’s explanation of the behaviour of the yeast was, as 
we have seen, such as to connect it with the respiration of the plant. When 
oxygen was withheld from active yeast 60-80 parts of sugar disappeared for one 
part of yeast formed. When oxygen was present not more than ten parts of sugar 
were decomposed for the same amount of yeast production. Undoubtedly the 
stimulus of asphyxiation materially stimulated the yeast metabolism. 

But certain observations did not agree with Pasteur’s explanation. An 
energetic fermentation takes place in the presence of oxygen, the plant multiplies 
extremely quickly, and its metabolism appears very active. Schiitzenherger argued 
against Pasteur’s explanation with some force, emphasising these points of disagree- 
ment between his hypothesis and the facts, and claimed that the matter rather 
concerned nutrition than respiration. He based his view on experiments carried 
out to ascertain how respiration was affected under changed conditions. 

The results he obtained were briefly the following : — 

(1) In a watery liquid without sugar, but containing oxygen in solution, the 
quantity of oxygen absorbed in unit time by a gramme of yeast is constant, 
whatever proportion of oxygen is present. 

(2) In a saccharine liquid containing albuminous matter as well as sugar, and 
with oxygen in solution, the same result is obtained, except that the quantity 
absorbed in unit time is greater. 

(3) In two digestions carried on side by side for some time, one being supplied 
continuously with oxygen and the other deprived of it, the former produced most 
alcohol. 

If the decomposition of the sugar had been the result of the respiratory activity 
of the yeast cells at the expense or the combined oxygen of the sugar, it would 
seem that fermentation should either not have tahen place at all in the presence of 
free oxygen, or that it should have been much less than in the other case, whereas 
the reverse is what is found. Hence Schiitzenherger advocated the view that the 
sugar is alimjentaiy and not respiratory. 
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Certain facts more recently discovered support strongly the view tliat the 
nutrition of the yeast is the "chief object of the process normally; though we 
cannot deny that when partial asphyxiation sets in fermentation is resorted to 
by the plant in its difficulty-; that it may obtain the energy normally supplied by 
tie respiratory processes. The mode of decomposition of the sugar, however, 
the formation of alcohol and carbon dioxide, i-aises a question ;is to the 
exact form in which the nutritive material is supplied to the protoplasm. 

Of these more recent discoveries the work of Devaux on the trunks of trees 
may he mentioned first; as it seems to point to a similar problem to the one con- 
nected with yeast. Devaux examined the composition of the air in the interior 
of woody stems growing under normal conditions, and found that the proportion 
of oxygen it contains often sinks as low as 10 per cent., while in a few cases, 
in the most internal part of the tree, he found this gas to be entirely absent. The 
disappearance of oxygen becomes easier with every increase of temperature. 
This partial asphyxiation is attended by the formation of alcohol in the struggling 
tissue, the spirit being detected by cutting up the branches of the trees and 
distilling them with a large excess of water. Devaux’s experiments were iTUidt! 
upon a considerable variety of trees, among which may be noted Castariea vulgaris, 
Pynis doniestica, Al/nus ghitinosa, Ulmm campeshis, Savibucus nigra, and 
Ficus Carica. 

Similar results have been obtained by Maze in some researches on seeds. 
"When a number of these are submerged in water, micro-organisms lieing pro- 
perly guarded against, they do not readily germinate, but their weight neverthless 
somewhat rapidly diminishes. In some of Mazi^’s experiments with peas he 
ascertained that this diminution was attended by a considerable formation of 
alcohol. Three parcels of forty peas were examined, weighing respectively 10, 17, 
and 27 grammes, and the experiments lasted six, twelve, and twenty-seven days. He 
found the proportion of alcohol to the original weight of the peas was 2*d4, 4*63, 
and 6'56 per cent. As the peas were submerged, and so kept out of contact with 
air, it seems possible to suppose we have here again an efiect of asphyxiation. 
Other experiments, however, make this view unsatisfactory. He germinated 
twenty peas at 22° C. for seven days under normal conditions, till their axes were 
about 1|- inch long. He then covered them with water, in some cases leaving 
the terminal bud exposed to air. The development of the submerged plants 
stopped at once, and at the end of five days the liquid contained 130 milligrammes 
of alcohol. The seedlings whose terminal buds were exposed to the air continued 
to grow without showing any disturbance. Maze concludes that the alcohol pro- 
duced was utilised by them in their gi*owth, and suggests that it is a normal 
and necessary product of the digestion of carbohydrate material in seeds in course 
of development. 

He goes on to show that alcohol can be demonstrated to be present in plantlets 
that have germinated for forty-eight hours at 23° C. under normal conditions. 

Another worker of great eminence who has found similar conditions to exist 
in normal vegetation is Berthelot. He put blades of wheat and loaves of the 
liazel in flasks, displaced the air by hydrogen, and distilled. In the case of the 
wheat he heated the flask to 94° C., in that of hazel he conducted the distillation 
by passing steam through the flask. In both he found the distillate coutaiiied 
alcohol. The quantity was not large, but still measurable ; from 10 kilos, ol 
leaves he obtained 10 grammes of alcohol. 

Maze claims to have found alcohol under normal conditions in the stems and 
leaves of the vine. 

Maze finds further that the weight of a seedling of maize approximates at any 
moment during the early stages of germination to half that lost by the reserve 
store in the endosperm. 

From his experiments, and those of the other authors alluded to, he concludes 
that alcohol is formed in the living cells of se^s at the expense of grape sugar 
by virtue of a normal diastasic process, which makes them approach yeast cells 
more closely than has been suggested by any of the experiments hilherto'publisbed. 
may inquire further how far the evidence points to the prol^abiliiy that the 
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molecule of siig'ar is split up iu that way into alcohol and carbon dioxide, and 
that the alcohol is the nutrith'e part of the sugar molecule. Certainly Maze’s 
experiments on the submerged seeds with the plumule exposed above the water 
are not inconsistent with that view. Diiclaux has spoken more definitely still 
on this point, and has said that the alcohol formed becomes a true reserve 
material to he used for nutriment. 

We have, however, further evidence that to some plants, at all event.-, 
alcohol i.s a food. Lahorde has published some researches conducted upon a 
fungus, Burotioims Gai/oni, which point unmistakably to this conclusion. He 
cultivated it in a solution containing only the mineral constituents ofEawlins fluid 
and a certain percentage of alcohol, usually from four to five per cent. The plant 
grew well, forming little circular patches of mycelium, which enlarged radially 
as the growth progressed. The mycelium became very dense in the centre of 
the patches, and the fungus evidently thrived well. As it gnew the alcohol 
slowly disappeared, the rate being about equal to that of sugar in a similar 
culture in which this substance replaced the alcohol. The mycelium in some 
experiments was cultivated quite from the spores. Eurotiopsis is a fungus which 
has the power of setting up alcoholic fermentation in saccharine solutions. When 
cultivated in these alcohol is accordingly produced, and subsequently used, but 
the growth of the mould is not so easy under these conditions as when the 
alcohol is supplied to it at the outset. 

Duclaux has shown that in the case- of another fungus, the well-known 
Aspergillus niger^ though alcohol kills it while it is in course of germination 
from the spore, it can utilise for nutrition 0*8 per cent, when it becomes adult, 
continuing to grow, and putting out aerial hyphee. Eurotiopsis is more pro- 
nounced in its liking for alcohol, for it thrives in a mixture containing 10 per- 
cent. ; even if submerged entirely it continues to grow and flourish iu an eiglit 
per cent, solution. 

The peculiarity relates only t(') ethyl alcohol ; methyl alcohol will serve as a 
nutritive medium for only a little time, snflident only for the commencing 
development of the spores into a mycelium and disappearing very slowly from 
the culture fluid. The higher alcohols, propyl, butyl, and amyl, not only give no 
nourishment, hut are poisonous to spores. A very small trace of any of them can 
he used by the adult mould. 

Laborde claims to have established as the result of his investigations tliat 
Eurotiopsis normally makes alcohol from the sugar to nourish itself with it, just 
as yeast makes invert sugar from cane sugar because it is the nutritive material it 
likes best. The enz^^me zymase is present in the fungus and plays the part of an 
alimentary enzyme. Its consumption lasts twice as long as that of a corresponding 
weight of glucose ; it can serve twice as long for the nutrition of the same weight 
of plant. 

These remarkable results lead us to the consideration of the mode in which 
the carbohydrates, and particularly the sugars, are assimilated by the plant. "We 
have held the view that the sugar molecule is capable of entering with 
little if any alteration into that of protoplasm. We barn found no direct evidence 
bearing upon its fate. It is possible to detect sugar in the axis of a plant till quite 
near its growing point. Then the reaction ceases to be obtainable, and we know 
that assimilation is taking place. But w^e have still to investigate the steps, no 
very easy problem to undertake. May it possibly be that it is the alcohol moiety 
of the sugar which the protoplasm takes up, part of the carbon dioxide evolved by 
the growing organ being an expression, not of respiration, but of a fermentation 
preliminary to assimilation ? 

But I feel I have dealt at sufficient length with this question. I pass, there- 
fore, to consider briefly another nutrition problem of a rather different kind. The 
germination of seeds is a question that might be thought to have been fairly 
settled by tbe investigations of ths latter half of the last century. We have come 
to the conception of the seed as fundamentally a young embryo lying quiescent 
within its testa, and provided with a store of nourishment deposited either within 
its own substance, or lying round it in the tissues vaguely named endosperm or 
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perisperm. The nourishment has been held to be practically ready for its use, 
needing only a certain amount of enzyme action to be applied to it to convert the 
food store from the reserve to the nutritive condition. We have recognised here 
starch, proteids, and glucosides, and have ascertained that the embryo can 
furnish the appropriate enzymes for their digestion. Each reserve store has 
apparently been quite independent of the rest, and the embryo has had control of 
the whole. 

Certain considerations, however, lead us to the view that for albuminous seeds 
at any rate this mode of looking at the matter is no longer satisfactory. We may 
first ask how far the embryo is the controlling factor in the digestion. Putting 
the matter in another form, is the influence of the parent plant lost when a stable 
store of food has been provided for the offspring, and does it leave its utilisation 
entirely to the latter ? Is the gametophyte prothallus merely to become a dead 
or inactive structure as soon as it has developed its young sporopliyte, or may its 
influence extend for the longer period of germination ? There are many reasons 
for thinking this is the case. Indeed the view has been put forward by some 
observers at intervals for some years. Gris claimed to have shown it in 1864 ; 
hut it was opposed by Sachs, who said that the enzymes which cause decomno- 
sitions in the reserve materials are always formed in the young plant or embryo 
and are excreted by the latter into the endosperm. Some careful experiments on 
the point were conducted by Van Tieghem and were published by him in 1877. 
His work was carried out on the seeds of the castor-oil plant. He deprived the seeds 
of their embryos and exposed them for some weeks on damp moss to a temperature 
of 26-30° C. After several days of this exposure he found the isolated endosperms 
were growing considerably, and at the end of a month they had doubled their 
dimensions. In the interior of the cells he found the aleurone grains to be 
gradually dissolving, and the oily matter to be diminishing, though slowly. 
The dissolution extended throughout the mass of the endosperm, and was not 
especially prominent in the side that had been nearest to the cotyledons. He 
noted, too, that though starch did not normally appear in the germinating endo- 
sperm, under the condition of non-removal of the products of the decomposition, it 
did appear in the cells in the form of small grains, though not till after several 
days had elapsed. Van Tieghem also observed that the progress of the decom- 
positions could be arrested and the endosperms made to reassume a quiescent 
condition, and that then the aleurone grains again became formed, though in less 
quantity than before. 

In some experiments on Ricinus which I carried out in 1889 I fo\ind much the 
same sequence of events as Van Tieghem had described. The endosperm 
unquestionably became the seat of a renewed metabolism, in the course of which 
many interactions between the various reserve materials became noticeable. It 
was remarkable that the activity of this metabolism was much more pronounced 
when the embryo or parts of it were left in contact with the endosperms. 

An observation of a similar character has been made by Haberlandt and by 
Brown and Morris in the case of the seeds of grasses. The conversion of the 
reserve cellulose of barley grains has been shown by these observers to be the 
result of the action of an enzyme cytase^ which is secreted largely by the so-called 
aleurone layer, which is found surrounding the endosperm, immediately underneath 
the testa. 

Recently my own work has been bearing on this question, particularly as 
regards the behaviour of the seeds of Ricinus during germination. The reserves 
of this seed are mainly composed of oil and aleiu’one grains, hardly a trace of 
carbohydrates being present. At the onset of germination there is a remarkable 
appearance of both cane sugar and glucose, which increase as the oil diminishes. 
The old view advanced to explain this fact has been the transformation of the oil 
directly into the sugars or one of them, a theory which it was difficult to reconcile 
with the chemical possibilities of oil. I have"* found that side by side with the 
appearance of the sugar we have also the formation of a considerable quantity of 
lecithin, a fatty body containing nitrogen and phosphorus. The seed contains a 
comparatively large amount of phosphorus in the form of the well-known globoids 
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of the aleurone gi’ain, a double phosphate of calcium and magnesium. The occur- 
rence of this body points to a considerable interaction of various substances existing 
in the seeds, the phosphorus apparently coming from the globoids and the nitrogen 
from the proteida. Instead therefore of the fat being transformed into sugar it 
seems certain that a very considerable metabolism is set up, in which the various 
constituents of the endosperm interact very freely together. I am informed by 
Mr. Bifhn, who has investigated the histological changes accompanying the 
germination, that the protoplasm of the endosperm cells appears to increase in 
amount very greatly during the early stages. The observations suggest a very 
vigorous resumption of metabolic activity hy the cells of the endosperm, in the 
course of which the various reserves are brought into relation with the living 
substance of the cells and a number of new products are formed to minister to the 
nutrition of the growing embryo. The formation of the sugars may more probably 
be referred to tbe renewed activity of the protoplasm of the parent gametophyte 
than to a direct transformation of the fat under the influence of the embryo. 
Further researches upon a large variety of seeds appear necessary to give us a true 
idea of the chemical processes of germination. What now appears probable in the 
case of fatty seeds may prove to be true also in the case of those which have other 
varieties of reserve material. 

I have already alluded to the problems concerning the electrical phenomena 
presented by the plant at rest and during activity. Very little work has so far 
been done in this direction, and our knowledge of the subject is materially less 
than that concerning similar phenomena in muscle and nerve. Still a beginning 
has been made, and we have observations on record due to Waller and to Bose 
which are of the greatest interest, not only because they show a great corre- 
spondence in behaviour between animal and vegetable structures, but on account 
of their possible importance in determining the character of many of the metabolic 
processes and the forces at work in the tissues. 

Some very striking results were only a few months ago published hy Bose on 
the electric response in ordinary plants to mechanical stimulation. He arranged 
a piece of vegetable substance, such as the petiole of the horse-chestnut, or the root 
of a carrot or a radish, so that it was connected with a galvanometer hy two non- 
polarisable electrodes. The uninjured tissue gave little or no evidence of the 
existence of electrical currents ; but if a small area of its surface was killed by a 
burn or the application of a few drops of strong potash, a current was observed 
to flow in the stalk from the injured to the uninjured area, just as is the case in 
animal tissue. The potential difference in a typical experiment amounted to 
T2 volt. The tissue was then stimulated, either by tapping or hy a torsion 
through a certain angle, and at once a negative variation or current of action was 
indicated, the potential difference being decreased hy *026 volt. Very soon after 
the cessation of the stimulus the tissue recovered and the current of rest flowed 
as before. Bose’s investigations extended considerably beyond this point, and 
established a very close similarity in behaviour between the vegetable substance 
and the nerves of animals. Summation effects were observed, and fatigue effects 
demonstrated, while it was definitely shown that the responses were physiological. 
They ceased entirely as soon as the piece of tissue was killed hy heating. 

This remarkable demonstration of similar electrical properties to those possessed 
hy nerve strengthens very greatly the view of the conduction of stimMi in the 
Mant by means of. the protoplasmic threads which have been demonstrated hy 
Gardiner and others to exist throughout the plant, uniting cell to cell into one 
coherent whole. 

Much remains to he done in this field; indeed, not more than a beginning has 
been made. The electrical accompaniments to response to stimuli have been 
investigated by Burden Sanderson in the case of Dioncea, hut many other instances 
are still awaiting examination. The peculiar phenomena of electrotonus and their 
relation to stimulus have so far oniy been observed in animals. " 

These observations strengthen considerably the view of the identical nature of 
animal and vegetable protoplasm which has in recent years come into prominence, 
and which is receiving more and more support in all directions. 
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These electrical currents, following meclianical action, wJiicli no doubt is accom- 
panied by cliemical change, make us ask whether electrical phenomena do not in 
all probability accompany the slow chemical actions which we call metabolism, 
The view that electrical energy is concerned in the processes of photosynthesis, 
suggested in an earlier part of ' this Address, is certainly not weakened by a con- 
sideration of these phenomena. 

The probability of the transmission of stimuli through vegetable tissue along 
the protoplasmic threads, extending from cell to cell, has been supported during 
the last year or two by some remarkable observations claimed to have been made 
by Nemec on certain roots and other organs. He says he has succeeded in demon- 
strating a continuous fibrillar structure in the protoplasm of the cells, fibrils 
passing along it in a longitudinal direction and apparently connecting the proto- 
plasm of a longitudinal series of cells into a conducting chain. These conducting- 
strands extend between the sensitive region — e.g.^ the tip of the root— and the 
region which is growfing, and w^hich is caused by the stimulus to curve. Nemec 
says that these conducting strands can he made evident by the use of appropriate 
staining reagents. They vary in number and position, but appear to be confined 
to sensitive and motile organs. 

It is clear that the matter cannot rest where it is. The statements made by 
Nemec call for investigation by both histological and physiological methods. It is 
possible that appropriate reagents may lead to the recognition of structure in what 
has been hitherto regarded as undifferentiated protoplasm. 

Before concluding this Address I may call attention to the vast field opening 
up in connection with the pathology of plants. The work done by our pre- 
decessors has been more largely work on the morphological peculiarities of various 
fungi than upon the physiological changes which constitute pathology, properly so 
called. It is only recently that attention has been given to the broad questions of 
disease in plants. Even now, however, certain advances have been made, and the 
direction of research is taking shape. In the science of pathology little in recent 
years has been so fascinating as the question of immunity against the attacks of 
certain diseases, either hereditary or acquired. It has been bound up with the 
very large question of toxins and their attenuation, their opposites, the antitoxins, 
and matters of a similar nature. 

Great results have been obtained in human pathology, with which it is not 
for me to deal. 1 mention them here because we are face to face with the 
possibility of treating some of the diseases of plants in a similar way, and perhaps 
on the threshold of very far-reaching discoveries. 

I may call attention to the researches of Bay and of Beauverie upon the general 
question of plant infection, and especially upon a disease set up by a fungus 
known as Botrijtis dnerea^ which attacks grapes, begonias, and other plants, 
The fungus exists in three forms, one of which is a harmless saprophyte, another 
a destructive parasite, and a third intermediate between the two. The first is a 
very common fungus, developing on decaying plants and bearing ordinary gonidia 
or spores. The second is completely filamentous and bears no reproductive organs. 
It is produced when the air is heavfiy charged with moisture and the temperature 
high, conditions of common occurrence in forcing houses. The third is an 
attenuated form intermediate between the other two. It bears gonidia like those 
of the first, and in addition others w^hich germinate without falling off the parent 
plant and elongate into long threads. Many plants can hear the invasion of this 
plant without suffering greatly, though it cannot he called harmless. It occurs 
chiefly when a high temperature is associated with a considerable amount of 
moisture in the air. 

_ It is not difficult to cultivate this attenuated form of the Botrytis in sterilised 
soil. Beauverie describes one experiment made with it which is very striking. 
Damp earth was sterilised in a Petri dish <f>f large surface, sowm with spores 
of the Botrytis, and kept at a temperature of about 16° 0. After three days the 
surface of the dish was covered with a loose ‘“mycelium, which bore numerous 
gonidiophort^s. The fungus was allowed to grow for some time under these 
conditions, and the infected earth was then transferred to fresh pots in which w^ere 
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placed cuttings of begonias. Tbe plants grew well and were not sensibly atfected 
by tbe presence of tbe fungus in tbe substratum or in its surface. Placed subse- 
quently in conditions which were eminently suitable to tbe development of tbe 
parasitic form, they resisted its action perfectly, though control plants which had 
not been cultivated in the ground infected by the attenuated form were killed very 
quickly. From their experiments the authors claim to have shown that the form 
of Botrytis ainerea intermediate between the gonidial and the sterile form can 
make plants immune to the attacks of the latter. 

Researches of a somewhat kindred nature dealing with the infection of 
particular plants by specific fungi have been communicated recently to this Section 
by Professor Marshall Ward in his paper read last year on the Bromes and their 
brown rust. They brought to light many very important facts connected with 
the question of adaptive parasitism and immunity. Few questions in vegetable 
physiology can compare in economic importance with these when we think of 
their possible development in relation to agriculture. 

I have now somewhat hurriedly surveyed certain parts of the field of vegetable 
physiology. It has been impossible in an Address like this to do more than indicate 
what seem to me some of the more important problems awaiting investigation. 
May we hope that all such work will be vigorously conducted, but that the con- 
clusions reached will be scrutinised with the gi’eatest care and subjected to 
repeated examination ? Great hindrances to the advance of the science resulted 
from dogmatic assertions made by eminent men in the past, their personal in- 
fluence having led to their conclusions, not altogether accurate, being neverthelevSS 
almost universally accepted. Many years subsequently these conclusions have 
needed re-examination, the result being the destruction of a whole fabric that had 
been reared upon this unworthy foundation. I may close, as I began, by an 
appeal to the younger school of botanists to take some of this work in hand, and 
by assiduous and critical experiment and observation to contribute to tbe solution 
of the problems pressing upon us in this field. 
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I AM sure all will be in agreement with me when, at the very commencement of 
my Address, I refer to the grievous loss we have sutfered through the death of 
Mr. Griffith. Many of us could count him as oim good friend, and are aware 
that he displayed a fulness of sympathy altogether rare among officials towards 
all members of the Association. The value of the service he rendered to the 
Association, on account of the breadth and accuracy of the stores of knowledge 
at his disposal, although widely felt aud recognised, was so veiled by his modesty 
of manner and the quiet regularity with which he did his work that only the 
few who came intimately into contact with him can rate his doings at their 
proper worth. The smoothness with which the proceedings of the Association 
were carried on from year to year, notwithstanding the great variety of interests 
represented in it, was in no small measure due to his diplomacy. I have had 
special opportunities of appreciating his extraordinary versatility, as it has been 
my good fortune during recent years to come much into contact with him in 
connection with the Royal Society’s Catalogue of Scientific Papers — a work to 
which he unsparingly devoted himself, rendering thereby important service to 
science. To no Section of this Association can his death he a greater loss than it 
is to ours. The foundation of the Section was in large measure due to his 
sympathetic encouragement and support, and he looked forward to the time when 
it would he one of the most important and popular in the Association. He thought 
of it, I know, as the one which was likely to bring about a fuller understanding 
of the value of science to the community, and eventually to knit a close relation- 
ship between the scientific fraternity and the general public. Tlie withdrawal of 
his counsel has been to me an irreparable loss, and in judging of my shortcomings 
I trust you will bear in mind that at the critical moment I have been unable to 
appeal to his balanced judgment for advice. 

The last meeting of the British Association at Belfast was presided over by 
Professor Tyndall, one of whose most memorable discourses was that delivered at 
Liverpool in 1870 on ‘ The Scientific Use of the Imagination.’ In the course of 
his Address the President could point out that ^science had already to some 
extent leavened the world,’ and abundant proof has since been given that he 
was right in claiming that ^it will leaven it more and more.’ Nevertheless 
if we consider the leavening effects which science has had on the public mind, 
it is impossible to deny that progress is being made in this direction at a woefully 
slow rate, in no way proportionate to tiie growth of knowledge, or to the 
recognised usefulness of the many discoveries which are the outcome of scientific 
investigation, Science is still treated by society as a rich all the world 
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over, and is at most invited to its feasts, but nor incorporated, as it should be, 
with the domestic life of the people. 

Complamt has long been rife that the British are indifterent as a people even 
to things which are of manifest importance, and which as a nation of business 
men they might be expected to value. It would certainly seem that we are all 
too forgkful of Tyndall's warning that ‘ every system which wmuld escape the 
fate of an organism too rigid to adjust itself to its environment, must be plastic 
to the extent that the growth of knowledge demands.’ As our President said a 
full quarter of a century ago, ■ when this truth has been thoroughly taken in, 
rigidity will be relaxed, things not deemed essential will be dropped, and elements 
now rejected will be assimilated. ^ The lifting of the life is the essential point, 
and as long as dogmatism, fanaticism, and intolerance are kept out, various modes 
of leverage may be employed to raise life to a higher level.’ 

But how are we to become plastic to the extent that the growth of knowledge 
demands, in order that rigidity may be relaxed, that conservatism may give way 
to a wise spirit of advance ? Probably there is no more important question the 
nation can ask at the present time ; for that we are wanting in plasticity is 
proved to demonstration. Does not the shade of our former Eh*e.9ident stand 
before us and solemnly give answer : ^ By the cultivation and exercise of imagina- 
tive power — by the scientific use of the imagination’ ; for in these days are we 
not indeed a people ‘ of little faith ’ ? There would seem, in fact, to be clear 
evidence, if not of destruction, at least of impairment, of imaginative powxu* under 
modern conditions— that the tendency of education is to kill rather than to 
develop the very pow’er on which the progress of the world depends. A dearth 
of imaginative power is strikingly apparent in art, in literature, in music, in 
science, in public taste generally, tbe prevailing tendency being to imitate rather 
than to originate and individualise. Commentators and critics of sorts abound, 
but these rarely display any catholicity of judgment. Leaders are few and far to 
seek. The prevailing policy is that of the party in power, and more often than 
not of a caucus behind it— not the [policy which on broad general grounds is the 
most desirable ; in fact, little attempt is made to discover in any scientific manner 
what would be the really wise policy to pursue. Nothing could illustrate this 
better than the state of chaos into which aflairs educational are plunged at the 
present time. Those who dare to difi:er or ofier advice are looked at askance, and 
always with jealous eyes ; and too often everything is done to block the way of 
the reformer, not from any base motive, but as a rule from sheer inability to 
appreciate what is proposed— from sheer lack of imaginative power. Necessarily, 
as the conditions of civilisation become more complex, tbe tendency to accept and 
follow must become greater, and self-satisfaction more and more complete and 
general ; but unless effective means be taken to counteract such a tendency, decay 
is inevitable. 

The phrase ‘ creatures of habit ’ is familiar to us all : few will deny that we 
are seldom otherwise than creatures of habit, and that plasticity of mind is a rare 
attitude. But the growth of knowledge is taking place at such a compound interest 
rate that a high degree of plasticity is essential if we are to avail ourselves thereof. 
We were formerly accounted a nation of shopkeepers — of clever shopkeepers — but 
now the title is passing from us to the Germans and Americans, because they are 
more alive than we are to the fact that in these days it is necessary both to 
organise and to be alive to every opportunity. If we would put money in our 
purse in future, it will be necessary to put imagination into our afiairs, so that we 
may be far more ready to act than we have been of late years. 

And not only is knowledge increasing, but our responsibilities are daily 
becoming heavier and heavier. In the minds of thinking men at the present time 
the burden of empire our nation bears is of appalling magnitude ; the men who 
have imaginative power are aghast at the flippant unconsciousness of responsibility 
manifest in the public at large, and even iiT the majority of our statesmen and 
politicians. It is widely felt that a deeper sense of responsibility must be induced 
among us, if we are to maintain our heritage intact — if we are to remain worthy 
to play the great part for V’‘hich by an inscrutable ordinance we find ourselves 
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cast at the very commencement of a new century. Xothing is so sure as that if 
we cannot show ourselves to be worthy we shall not long be allowed to play the 
part ; jealousy confronts us on all sides; and we have learnt that the struggle for 
existence is Nature’s first law, against which philanthropy is powerless so long as 
it be not universal — a contingency which is not even remotely possible. It Is little 
short of remarkable that we should be able to go so far as we do in securing the 
services of able men to conduct our affairs generally; but we cannot be too 
mindful of the duty incumbent upon ns of developing the store of ability latent in 
the nation, and above all of maintaining intact our heritage of individuality. 

The call to organise the forces of our empire is imperative, but we do not heed 
it in any proper manner. For many years past we have rarely refused to treat 
with utmost consideration the representations of those who have dwelt on the 
importance of our Navy. One of the most highly respected men in the country 
at the present day is our gifted American cousin, Captain Mahan, on account of 
the way in which he has exercised his powers of imaginative insight and taught 
us to understand our achievements at sea, to appreciate the true meaning and 
value of sea power. We need a Mahan to discuss the larger issues of national 
defence through education, to teach the nation the true meaning and value of 
education. The Ship of State is of vastly greater consequence than the mere 
Navy, and yet those who direct attention to the insufficient character of its 
armament are scarce listened to ; not the slightest effort is made to secure for it a 
scientifically adjusted and organically complete machinery for the effective adminis- 
tration and working of all its departments; the drill of its crew is woefully 
Incomplete ; what is worse, there is a terrible absence of organisation and discipline, 
a terrible absence of willingness, little if any desire, among those who are charged 
with its care to co-operate, and the consequences of neglect are not immediately 
obvious. In war we appreciate the effects suddenly : a long list of killed and 
wounded brings its meaning home to us at once ; and we know that we must pay 
the penalty of defeat forthwith. The indemnity exacted can be expressed as a 
lump sum. The battle of life is waged in a less obtrusive way, the killed and 
maimed are not scheduled in any regular manner, and so it escapes our notice that 
in reality the carnage is awful, that few if any escape without severe wounds, that 
defeat is constant and yet often dealt so silently and imperceptibly that it excites 
little comment. But we know that vastly more than is done might be done to 
alleviate if not to prevent suffering, and even to give charm to life where at 
present there is but pain, if only our efforts could be organised. If we reflect on 
the bareness of the life lived by the majority, on the debasing conditions under 
which very many are placed, on the terrible effils consequent on indulgence in 
drink, surely we must agree with Tyndall that the essential point is to raise life 
to a higher level, to elevate the general tone of thought, and that it is our duty to 
consider more seriously than we have done hitherto what use can be made of the 
forces at our disposal for the purpose. 

If we will but picture to ourselves how most of our difficulties, and especially our 
slow advance, are consequences of lack of imaginative power, or perhaps rather of 
failure to exert the power which, though latent in most of us, is not sufficiently 
called into being by practice ; if we will but consider how much of our success 
has been due to the exercise of imaginative power, we may be led to propound a 
fruitful theory of education, a theoretical basis on which a sound educational 
structure may be reared. It has been well said by Oarlyle ‘ that all that man 
does and brings to pass is the vesture of a thought.’ In fact, the illustrations 
which may be given of the value of theoretical conceptions, of imaginative power, 
are innumerable. Taking recent events, if we consider the success achieved by the 
late Mr. Khodes, the narrow-sighted will say he was a practical man ; a man who 
did things and led others to do. Those with broader views recognise that at 
heart Mr. Rhodes was a theorist, an idealist, a man of imagination, and hence his 
success. And men such as Lord R,oberts and Lord Kitchener, whose immense 
services to the nation have been so universally admitted of late, are not merely 
practical soldiers of experience, but men gifted with powers of insight and 
imagination; men able to apply theory to practice. Some of those who were 
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imsuecesaful in the late campaign are currently reported to have gone out to 
South Africa openly deriding science, and it will be well if the lesson taught by 
their failure be not disregarded by their colleagues. The importance of the part 
played by theory in science cannot be exaggerated. We have only to think of 
the influence exercised by the Newtonian theory of Gravitation, by the Daltonian 
theory of Atoms, by Faraday s conception of Lines of Force, by the Wave theory in 
its varied applications, by the Darwinian theory of Evolution ; we have only to 
think of the way in which the reflections of one weak man indited at his study- 
table in a secluded Kentish village have changed the tone of thought of the 
civilised world. Such theories are the very foundations of science : whilst facts 
are the building stones, theories furnish the design, and it is the interpretation of 
facts in the light of theory and the considered application of theory to practice 
that constitute true science. The marvellous development of scientific activity 
during the past century has been consequent on the establishment of fruitful 
theories. If teachers generally would pay more attention to theory their teaching 
would doubtless be more fruitful of results ; facts they know in plenty, but they 
lack training in the considered use of facts. False prophets among us have long 
taught the narrow doctrine that practice is superior to theory, and we pretend to 
believe in it. That the belief is founded on misconception may safely be contended, 
however 5 the two go together and are inseparable. It is true that we have 
enjoyed the reputation of being a practical people, and have been accustomed to 
take no little pride in the circumstances, and to scoff aomew^hat at theory, but 
behind our practice in the past there was a large measure of imaginative power, 
of theoretical insight; in fact, we were successful because we were iiinately 
possessed of considerable power of overseeing difficulties, of grasping an issue, of 
brushing aside unessential details and going straight to the point : in other words, 
of being practical. We are ceasing to be practical because modern practice is 
based on a larger measure of theory, and our schools are paying no proper 
attention to the development of imaginative power or to giving training in the 
use of theory as the interpreter of facts : didactic and dogmatic teaching are pro- 
ducing the result which infallibly follows in their wake : sterility of intellect. 

Mr. Francis Darwin, in his Reminiscences of his father, tells us that ‘ he often 
said that no one could be a good observer unless he was an active theoriser.’ And 
he goes on to say : ‘ This brings me back to what I said about his instinct for 
arresting exceptions : it was though he were charged with theorising power ready 
to flow into any channel on the slightest disturbance, so that no fact, however 
small, could avoid releasing a stream of theory, and thus the fact became maynijied 
into importance. In this way it naturally happened that many untenable theories 
occurred to him ; hut fortunately his richness of imagination was equalled by his 
power of judging and condensing the thoughts that occurred to him. He was 
just to his theories and did not condemn them unheard : and so it happened that 
he was willing to test what would seem to most people not at all worth testing.’ 

In his Autobiography Darwin remarks;— ‘I have steadily endeavoured to 
keep my mind free so as to give up any hypothesis, however much beloved (and I 
cannot resist forming one on every subject), as soon as facts are shown^to be opposed 
to it.’ The italics in these passages are mine. 

Our system of education has no proper theoretical basis. Educators have 
ceased to be practical because they have failed to keep pace with the march of 
discovery : the theoretical basis underlying their profession having been enlarged 
so rapidly and to such an extent that it is beyond their power to grasp its 
problems. The priesthood of the craft are, in fact, possessed by the spirit of 
narrow parochialism, and upholders of an all too rigid eree^ being lineal 
descendants of a privileged class — ‘ tbe knowledge caste,’ to use Thring’s expres- 
sion — whose functions were far more limited than are those which must uow be 
discharged by teachers if teaching is to be given which will serve as an efficient 
preparation for life under modem conditions. They enlarge ad nauseam on the 
superiority of literpy_ and especially of classical training, forgetting that their 
])rt4erence for classics is but the survival of a practice, and that their arguments in 
defence of a literary system are but preconceived opinions, Being incapable of 



TKAKSACTIO.XS OF SECTION T,. 

appreciating the arguments used on the other side, it is milikely that they will 
ever be able to admit their force. 

So long as the forces of Nature were not tamed to the service of man, they 
could be neglected; sanitary sins were alone found out and punished with 
unsparing severity. But now it is otherwise. To succeed in competition with 
others we must be able to avail ourselves of every opportunity : and wide under- 
standing is demanded of us. Moreover the growth of knowledge has induced 
severe mental hunger, and the feebng that the dainty dishes provided by Nature 
should be in no selfish manner restricted to the few is a growing one ; altruism is 
a growing force. We feel that we are called upon to counteract the evils arising 
from the growth of our cities ; from the concentration of workers in large bodies ; 
from the minute subdivision of labour; from the depressing conditions under 
which the masses daily toil. To provide relief and healthy occupation for leisui’e 
hours, and to secure that vacuity of mind and pettiness of motive shall no longer 
be the sore affliction they now are, we must take all the requirements into con- 
sideration, and define with utmost minuteness the task in hand; broader and 
higher ideals than those now prevailing must he established, and practical require- 
ments must he met. To secure the right attitude of mind for this task will not be 
easy. Few realise, few know', how signal is our failure to appreciate our power, 
how deplorably we neglect our opportunities. The bareness of the fare we provide 
is nothing less than shameful in view of the rich possibilities which lie ready to 
hand. In saying that 

A primrose by a river’s brim, 

A yellow primrose was to him 
And it was nothing more, 

the poet has well pictured our average attitude towards our surroundings. To the 
majority indeed a primrose is scarcely a primrose; it is unseen. It is little short 
of impossible to account for our callous disregard of the wondrous beauty of the 
multitudinous objects displayed in Nature^s realm, our willingness to remain 
ignorant of the meaning of the mysterious changes which are ever happening 
before our eyes. That familiarity should breed such contempt is passing strange ; 
hut how great the guilt in these days of those who allow the contempt to grow 
up, knowing as they must that the ignorance is easy to dispel, knowing also that 
those versed in the mysteries have ever sought to lay hare all that is within their 
ken. The failure on the part of those who have the charge of education to make a 
scientific use of the imagination is nothing short of complete ; there is nothing to 
show that the imagination is ever called into play. 

Surely it were time to make some real eftbrt to imbue all with a proper 
imderstanding of their surroundings, to create in all minds a higher and reverent 
interest in life. 

It is a sad refiection and a grievous blot on our civilisation that our 
spiritual advisers are mostly so little regardful, so destitute of imderstanding, of 
the works of that Omnipotent Power which all must recognise and humbly submit 
to, whether or no allegiance be acknowledged in doctrinal terms; they before 
all others should be prepared to consider their inmost meaning, and to direct 
attention to their wondrous mechanism. We indeed need to send forth a new 
mission charged with the holy duty of enabling man to appreciate and acknow- 
ledge the beauty of the universe, as well as of preparing him to be a thoroughly 
effective worker, thus fitting him for the true, unselfish, and reverent enjoyment of 
life. To use the apt words of the Master, quoted by the Poet at the Breakfast- 
table ; ‘ if for the Fall of man, science comes to siiktitute the Pise of man, it 
means the utter disintegration of all the spiritual pessimisms which have been 
like a spasm in the heart and a cramp in the intellect of men for so many 
centuries.' 

If we can but make sweet use of our present adversity, though we may not be 
exempt from public haunt but live e^en in crowded cities, we shall unquestionably 
soon find 

. . . tongues in trees, books in the babbling brooks, 

Sermons in stones and good in every thing. 
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The ■wonderful prescience of our great poet is nowhere more clearly displayed 
than in these lines, and it is more than surprising that although generations have 
been charmed by the music of the words, so little lias been done to realise their 
meaning or to give them a meaning in the minds of the majority. 

It is but a question of attitude, for, as Carlyle somewhere says, ^ so soon as men 
get to discern the importance of a thing they do infallibly set about arranging it, 
facilitating it, forwarding it, and rest not till in some approximate degree they have 
accomplished that.’ 

Unfortunately, tliere are all too many things oi‘ which we fail, through our 
faulty education, to discern the importance, but which a little understanding, 
the exercise of some slight imaginative power, would enable us to appreciate. I 
will take the word Energy as an example. No word in the English language 
carries more meaning to those versed in the principles of physical science, and yet 
how narrow its connotation in the minds of the uninstructed majority. As a 
guide of practical conduct, no word is of gi’eater significance, and if its true im- 
plication fully seized us the word would ever rankle in our ears and serveito remind 
113 of the maxin ‘ Waste not, want not.’ In Great Britain we are using up our 
coal stores at the rate of over two hundred millions of tons per annum. Used at 
such a rate, the supply cannot last many generations ; whence will our children 
derive their supplies of energy? Energy cannot he created. When we have 
squandered the wealth funded on our earth by the sun in aeons past, we must fall 
hack on the modicum we can snatch from the daily allowance the glowing orb 
dispenses, for his largess will for the most part be wasted, and will be very 
difficult to garner in our country : sun mills, wind mills, and falling water being 
but irregular and ill-disciplined servants, trees growing but slowly. In all 
civilised countries the same criminal waste of fuel — of energy— is going on ; but 
although we recognise that individual men have no right to live beyond their 
means, and have little pity for bankrupts, no corresponding feeling exists on the 
subject of collective squandering. The spendthrift is regarded with equanimity, 
because he but distributes his gold among the many — so that the many gain while 
he alone is the loser, but 'the energy of fuel is spent irrecoverably and all waste is 
not merely apparent but real. To waste fuel is to court criminal baukruptcy ; but 
to how many does it occur that we are all parties to such a crime ? Does any 
schoolmaster or schoolmistress call attention to the fact.^ Tlow many heads of 
schools could even write a respectable essay on such a topic ? When I have sug- 
gested ^ A piece of coal ’ as the subject for a scholarship examination essay, 1 have 
actually been told by literary critics that you have no right to ask for knowledge of 
facts in a schoolboy’s essay, the object being but to find out to what extent he can 
^gas’in flowing periods! A scuttle full of coal excites no emotions in the 
literary mind ; it should be one to call up harrowing visions, as well as a vista of 
memories extending far hack into the ages of time, for in up other .stone can wo 
find a more wonderful sermon. 

To descend to the ordinary level, how many householders ever take into 
consideration the wicked waste of fuel which goes on in their establishments ? 
how many are really thrifty in the use of fuel ? I never see a ‘ Kitchener,’ or 
hear it roar, but I shudder. The prevention of smoke is of no consequence in 
comparison with the prevention of the waste of fuel. Even when every care is 
taken the waste is very great — simply because our means of utilising the energy of 
fuel are so imperfect. The best steam engine can recover for us but very few per 
cent, of the energy stored up in the coal which is burnt in its boiler fire. If we 
could succeed in burning fuel electrically — in directly converting the latent enei’gy 
into electricity-r-it is conceivable that the engine might be of nearly theoretical 
efficiency. But what imaginative power must be exercised to secure such a result ! 
Cannot we in some measure hasten the time of such discovery ? Professor Perry 
not long ajjo had the temerity to direct attention anew to the subject in ' Nature,’ 
and made what many practical people will consider the impossible suggestion of a 
wildly imaginative, irresponsible Irishman : that a round million or so should be 
devoted to sptematic experiments, with the object of discovering means of increas- 
ing the efficiency of our engines, If we consider what is tlic cost of a modern 
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battleship ; if we consider what lias been spent on the war in South .Africa ; if we 
consider the extent to w'hich the value of the fuel at our disposal would be increased 
if we could only double the efficiency of our engines and of our stoves, Professor 
Perry’s proposal cannot be regarded as otherwise than modest and sensible, But 
what is of real importance is the implied suggestion that the subject should be 
seriously inquired into at national expense. It must, and at uo distant date, be 
admitted that our fuel stores are national assets over which there should he some 
national control. 

1 may take Food as another subject of which we fail to discern the importance, 
and which is outside the schoolmaster’s ken, although teachers have stomachs as 
well as other men, and boys in particular are believed to take some interest in the 
existence of tliat organ. It is but a variant on that of energy, as the food we take 
is mainly of value as the source of the energy we expend — as fuel, comparatively 
little being required for the construction and repair of the bodily machinery. 

. . . God has made 
This world a strife of atoms and of spheres ; 

With every breath I sigh myself away 
And take my tribute from the wandering wind 
To fan the flame of life’s consuming fire. 

Olu'er Wendell Holmes. 

How many will appreciate this pregnant passage ; in how many schools is in- 
struction given which would make it possible to recognise its beauty and com- 
pleteness as a statement of the philosophy of the respiratory process? Our 
ignorance of ourselves and of the functions of food is indeed phenomenal. Life 
involves the unceasing occurrence of a series of changes for the most part chemical. 
If the proper study of man be man — as the highest dignitary of our Church some 
time ago asserted it was — the ordinary person would be prone to assume that those 
in charge of education would so direct studies as to give man some interest in his 
own wonderful mechanism; instead they almost imiformly direct that true 
" culture ’ consists in knowing what he has thought and written of himself in 
classic tongues, in ages gone by before the .slightest vestige of understanding of 
the phenomena of life had been obtained. And we moderns calmly suffer this, 
and at the same time wonder at the way in which primitive peoples allow their 
medicine men and wizards to dominate them. Taking into account what is 
known, ours perhaps is relatively a deeper savagery than is that of most untutored 
races ; our educational priesthood are for the most part never trained to a know- 
ledge of the mysteries and deny admission through ignorance rather than 

From food to the preparation of food is an easy step— in point of fact the 
knowledge how to prepare food properly is of fai’ more importance than any know’- 
ledge of what food is and does, as on it depends much of the happiness and health 
of mankind. Cooking is a branch of applied chemistry. We live in a scientific 
age — an age of knowingness. We might therefore expect that our girls at least 
would be so trained at school that with little effort they could become knowing 
cooks. I am not aware that the authorities who lay down the regulations for 
University Locals or similar examinations have allowed any such vulgar con- 
siderations to guide them in drafting their examination schemes : niceties of gram- 
matical construction, recondite problems in Geography and History, the views of 
an ancient philosopher who gave himself up to angle worship, are alone thought 
of on such occasions ; and yet there are times, it it said, when these august persons 
deign to take some notice of culinary efforts, and they cannot be unaware that 
cookery is a subject of some importance, which might well at least be led up to 
at school. To justify my reference to the subject, let me read a passage from ' Au 
Address on Education,’ delivered, not by a narrow-minded Goth who is so lost to 
reason as to doubt the sufficiency of an exclusively literary training as a prepara- 
tion for life, but by a classic, the Headmaster of a great public school, Thring of 
Uppingham, in speaking of the Higher Education of Women at St. Albans in 
1886. 
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‘ We English are proud of our homes. We sing songs about them, we write 
on them ; in fact, we are very justly pr&ud of our Iwmes, Has it ever entered 
your minds that home to the great majority in a very large degree, and to all in 
some degree, is hut a loftier name for cookery ? In a cottage good cookery means 
economy, luxury, health, comfort, love. . . . Cookery to the vast majority of man- 
kind means home, and when the weary worker comes back from work wanting to 
refit, cookery alone can turn him out tit for work again. From this point of view 
home is cookery.’ 

Cookery is certainly a subject ol which those in charge of education have not. 
yet in any way discerned the importance. Our cooks are inferior and wasteful 
simply because they fail to exercise suflBcient imaginative power. If we wish to 
make good cooks of our girls, we must teach them to think for themselves and to 
be imaginative — to make a scientific use of their imagination ; they will then come 
to see that the subject is a vastly interesting one, full of opportunity for research. 
The kitchen, of all* places, is the one, in fact, in which the heuristic method should 
most flourish. 

Could we find tongues in trees we should doubtless find them eloquent on the 
subject of food supply, and far more delicate in their tastes than any mortals. 
But how many of us, looking at a green leaf, can in any way call to mind the 
wonderful mechanism which enables the plant to secure the main bulk of its solid 
substance from the fleeting stores in the circumambient atmosphere; or the 
manner in which it is dependent on light ; or its mineral needs ; or its great need 
of water and its wonderful transpiratory activity ? And yet the chief industry 
of the world is agriculture— the feeding and tending of plants. At least those 
who lead a rural life should have their imagination excited on such subjects at- 
school ; it is even possible that much of the asserted dulness of a country life 
might pass away if an interest in plant activity were properly cultivated. And 
schoolmasters might even find comfort in the reflection that, as Messrs. Brown 
and Escombe have recently shown, the translocation of the material first formed 
in the leaves, metabolism, and growth are become so intimately correlated that the 
perfect working of the entire plant is only possible in an atmosphere containing 
the normal amount of three parts of carbon dioxide per ten thousand ; they might 
recognise in the plant an organism after their own heart, with ripened conserva- 
tive instincts, and unwilling to accept any other than the limited diet long favoured 
by the craft. 

In these days not only the obvious but also the microscopic forms of life 
claim attnution, and it is imperative that all should he at least aware of their 
existence and mindful of the deadly power that some of them exercise. All should 
be able to read with intelligence the wonderful story of the beneficent labours of 
the great Pasteur— a true saviour of mankind— and appreciate their value. The 
lessons of sanitary science will never be properly brought home to us and heeded 
in daily life until a more direct intimacy with micro-organisms is encouraged at 
school. 

And whether or no there be ‘ good in everything,’ children must at least be 
encouraged to seek it ; to use their eyes always, and to reflect on what they see. 
A proper use will be made of leisure and of holidays when they are so trained, 
and even ‘ Days in the Country ’ will be days of enjoyment 'and peace for all, 
never of mere vacuous wanderiugs, let alone of wanton destruction, and will leave 
no memories of broken glass and waste paper behind them. And in the 
end, the national drink bill may be considerably diminished if Shakespeare’s words 
come to have some slight meaning for all. 

Let us consider what we can do to further this most desirable end. Section Ij 
is in advance of the times, being concerned with a non-existent science— the Science 
of Education. The science will come into existence only when a rational theory 
of education is developed and applied ; hut it is clearly on the very eve of coming 
into existence, otherwise the Section could notibave been established ; and we may 
contribute much to its development. 

Surely, the pnmary article of our creed will be that— as Thring has said—' the 
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whole liuman being is the teacher’s care,’ for all must admit that the faculties gene- 
rally should be cultivated and educated- At present we make the fundamental 
mistake of disregarding this truth, but there is evidence that sounder views are 
beginning to prevail. It is very noteworthy, for example, that in the recent report 
of the Committee on Military Education it is laid down that Jive subjects are to be 
regarded as necessary elements of a sound general education, viz., English, Mathe- 
matics, a Modern language, Latin, and Experimental Science, 31oreover it is 
recognised that each of these subjects has a peculiar educational value of its own. 
Such a conclusion takes the breath away, indeed, it is almost beyond belief that 
Headmasters of Public Schools could commit their brethren by attaching their 
names to a report containing such a paragraph as the following : — 

‘The fifth subject, which maybe considered as an essential part of a sound 
general education, is Experimental Science, that is to say, the Science of Physics 
and Chemistry treated experimentally. As a means of mental training, and also 
viewed as useful knowledge, this may be considered a necessary part of the intel- 
lectual equipment of every educated man, and especially so of the officer, whose 
profession in all its branches is daily becoming more and more dependent on 
Science.’ 

Just consider what this recommendation means : that it is now publicly ad- 
mitted by high authority that all boys should have the opportunity given to them 
at school of gaining knowledge by experience— hj actually doing things themselves, 
not merely by reading about them or being told about them, because this, and 
nothing short of this, is wffiat is aimed at by all who advocate the introduction of 
Experimental Science as a necessary part of school training. The reign of tbe 
cleric as absolute monarch of the school kingdom will be at an end if such doctrine 
he accepted and acted upon, and there will be some chance of our regaining the 
reputation of being a practical people. Members of the British Association will be 
carried back in a dream, some thirty odd years, to 1867, when a report from a 
Committee, consisting of the General Officers of the Association, the Trustees, the 
Kev. F. W. Farrar, the Rev. T. N. Hutchinson, Professor Huxley, Mr. Joseph 
Payne, Professor Tyndall, and Mr. J. M. Wilson, specially appointed to consider 
the best method of extending Scientific Education in schools, was presented by the 
Council to the General Committee, and it was resolved : ‘ That the President of 
the Association he requested to communicate the Report to the President of the 
Privy Council,’ &c. One among the reasons then given why general education in 
schools ought to include some training in science was, ‘ as providing the best disci- 
pline in observation and collection of facts, in the combination of inductive with 
deductive reasoning, and in accuracy both of thought and language.’ History does 
not record what the Privy Coimcil did with the memorial. Had the Council been 
mindful of its duty to the country and paid serious attention to so weighty a 
representation our present position might have been a very different one ; the 
German and American bogies would have assumed less portentous dimensions in 
our eyes, and we might have found ourselves far better prepared than we were to 
cope with the conditions in South Afnca. Accuracy of thought and language, 
according to the evidence given before the Committee on Military Education, are 
qualities in which military candidates are particularly lacking, notwithstanding 
the asserted value of Latin — the chief subject of study in the Public Schools — as 
mental discipline. 

Unless we are prepared to disregard not only all the lessons of the recent war, 
but also the lessons we have been receiving during years past in the wider war of 
commercial competition ; unless we are prepared to disregard the .still wider con- 
sideration that education must be an effective preparation for life and not merely 
for business, the findings of the Committee on Military Education must be em- 
bodied in our practice. Undoubtedly the real issue decided by the Committee was 
the question whether the antecedent, and not the technical, training of military 
candidates was properly conducted. In other words, our Fublio School system 
was on its trial. Although not referred to in so many words, this system is most 
effectively condemned in spirit in every line of the Report, and far more between 
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the lines. But the Committee have merely recognised what has been known for 
years and years j not a single noYel point is brought out— not a single novel issue 
is raised in their report. By maHng definite recommendations, however, they 
have lifted the subject on to a higher plane, and it is these recommendations which 
require the most careful consideration and revision ; for if carried out, as they stand, 
there will be little improvement in our condition. The Committee have certainly 
done more than they were asked to do, hut not more than they were hound to do. 
By the terms of reference they were to consider and report what changes, if any, are 
desirable in the system of training candidates /or the Army at the Public Schools. 
Instead they have recognised that education at secondary schools has in a great 
measure conformed to the course generally prescribed by public professional 
examinations originally designed to secure the selection of candidates who had 
availed themselves of the advantages of a good general education ; and that the 
State has been careful in the matter of examinations that they should he so framed 
as not to disqualify or hinder the unsuccessful candidate from entrance into other 
professions : or, in other words, that neither more nor less is to he exacted from 
candidates for entrance into the Army than from candidates for other professions. 
Consequently the requirements to he laid down for Army candidates are such as 
can he met from a sound general education, and in no way special. The Committee 
have, in fact, pronounced judgment on the subject of all others which is of greatest 
consequence to the nation at the moment. But they were not actually appointed for 
such a purpose, although they should have been, as it was to be foreseen that the 
major issue must be tried if the minor were to he settled. The modern spirit in 
education was not sufficiently represented on the Committee. Of the witnesses 
examined too few had any practical acquaintance with the work of education, 
although a great many who could judge of its effects gave evidence ; and the 
practical side of education was scarcely considered. Only one witness was examined 
on behalf of ^ Science,’ and Mathematics was unrepresented. Such being the case, 
it is surprising that the Committee should have gone so far in their recommenda- 
tions, and a proof how overwhelming the ease must be in favour of change. 

Among the signs of the time showing that liberal views are coming into vogue, 
I may refer to the provision made in the new buildings designed by Mr. Aston 
Webb and Mr. Ingress Bell for Christ’s Hospital School, which was removed from 
London in May last. The new home of this ancient foundation is situated in the 
county of Sassex, about four miles south-west of Horsham, and comprises an area 
of 1,300 acres of land — meadow, arable, and woodland. Nearly 600, 000^. have 
been expended on the new school up to date. Provision is made for 800 boys, 
and together with the necessary staff, these will form a colony of some 
thousand persons. The school provides its own water supply, disposes of its 
sewage by the bacterial system on its own premises, and is lit entirely by 
electricity generated on the spot. Only food and clothing are derived from 
the outside. If senior hoys, in the future, are allowed to gain some insight into 
the interior management and economy of such an institution, what wonderful 
opportunities they will enjoy ! And I hope the day is not far distant when boys 
v&l learn to understand everything connected with the school in which they pass 
so many years of their lives. A school should be the last to deny to boys every 
opportunity of gaining such invaluable experience. Fortunately Clirist’s Hospital 
School is conducted on the hostel system ; the masters are therefore not charged 
with household cares, and have no temptation to withdraw their thoughts from 
the work of education. The school has no taint of commercialism about it. It 
will he a happy day for our country when this is true of all our schools. 

The school buildings are placed nearly in the centre of the site, and cover an 
area of about eleven acres. They are disposed along a slightly convex line facing 
southwards, the extremities curving gently towards the east and west respectively. 
The main range has a frontage of 2,200 feet. At the eastern end, detached from 
the main range and somewhat retired, are the Ihfirmary and Sanatorium, which 
have a frontage of 500 feet. There are extensive playing fields and also a 
Gymnasium and Swimming Bath. 
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The scholastic buildings are grouped in the centre around a * Quad/ 300 feet by 
240 feet. 

The Dining Hall, lo4 feet by 56 feet, behind which are the Kitchens and 
subsidiary offices, is placed on the north side of the Quad. The Chapel has sole 
possession of the western side. The School Hall, 130 feet by 50 feet, is at the 
centre of the southern side, class rooms being provided in two buildings parallel to 
it, but separated by intervals of 40 feet. 

The Science School faces the Chapel, filling the eastern side. The Art School 
and Library are arranged at right angles to it, somewhat in the background. The 
Science School consists of four main ‘ laboratories,’ with subsidiary smaller rooms 
attached to each. No lecture rooms are provided, as Science is to be studied at the 
work bench ; but each of the laboratories has a space arranged so that demonstra- 
tions may be conducted within it. The laboratories are fitted up as workshops, 
as well as in the ordinary way, so that hoys may use tools as well as test tubes, 
and the effort has been made to keep the fittings as simple as possible. Work- 
shops for specific manual instruction will be provided in addition to the Science 
Schools. Experimental Science will be taught throughout the school. It will be 
obvious that body, mind, and soul have all been cared for. Whilst due provision has 
been made for the intake of that energy which is so indispensable to the indulgence 
in mental effort as well as to the maintenance of the vital machinery, science has 
received recognition at the hands of the designers of the Buildings, of the Governing 
Body, and of the Head Master in a manner heretofore unusual : it has actually been 
placed on an equality even with religion and with literary study, and it may be 
hoped that the reverent regard of the beauties and wonders of Nature gained in 
the Science workshops and in the surrounding country will but deepen the 
feelings of devotion proper to the Chapel and greatly help in lifting the life of the 
school to a high level. May the example not be without effect. 

It has been my privilege to act as the nominee of the Royal Society of London 
on the Governing Body of the School during several years past, and I may be 
permitted to bear witness to the manner in which one and all have been mindful 
of the needs of the times in arranging the new buildings. I believe few Governing 
Bodies of Schools will do otherwise than promote advance, if properly advised. 
Resistance to progress comes from within the schools. The public must force 
the schools to reform. 

Let me now return to the recommendations of the Committee on military 
education. It is to he noted that they clearly involve the recognition of two sides 
to education — a literary and a practical. I use the term practical advisedly, 
because it would he wrong to draw a distinction between a literary and a scientific 
side, as the whole of education should be scientific, and science — true knowledge — 
and scientific method — true method — should pervade and dominate the whole of 
our teaching, whatever the subject-matter; and as the object of introducing 
experimental science into the school is to give the scholars an opportunity of 
gaining their knowledge at first hand — by practical heuristic methods, as distin- 
guished from literary didactic methods — the introduction of such discipline may 
he properly said to involve the recognition of a practical side. 

The term practical must not be understood as the antithesis of theoretical. 
Practice is inseparable from theory in all true teaching, the advance from one 
practical step to the next being always over a bridge of theory. But if it be 
granted that education necessarily has two sides, it follows that the Committee 
on Military Education are iUogical in their recommendation that Latin and 
Experimental Science may be treated as alternative subjects; they are but 
complementary, not alternative, subjects. The only possible alternative to Latin 
would he a subject in the literary branch — another language in fact. 

But the recommendations of the Committee are also far from satisfactory on 
the subject of languages. ‘The •study of languages/ they say, ‘forms a third 
main feature of a sound general education. Of these the most important, from 
an educational point of view, is Latin. Modern languages, though much inferior 
to Latin as a means of mental discipline (at least as generally taught), must none 
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the less he regarded as an important part of a sound general education.’ In face 
of this conclusion it ’would have been logical to make a modern language rather 
than Latin the alternative to experimental science, but obviously the Committee 
dared not omit the modern language. It is true the recognition of experimental 
science and Latin as possible alternatives may he regarded as a high compliment 
to the latter, hut it was never intended to be such ; in truth it marks the recog- 
nition of the inevitable : that Latin will ere long be deposed from its high estate, 
and intellectual freedom granted to our schools, greatly to the advantage of 
Latin, I believe. There is no doubt that the relative value of Latin as an 
educational subject is grossly exaggerated; those who dwell on its merits are 
rarely conversant with other subjects to a sufficient extent to be able to appreciate 
tbe efi'ects these would produce if equally well taught. As a matter of fact, in 
the case of Latin the most capable teachers have been cbosen to teacb the most 
capable hoys, and the results obtained have been unfairly quoted in proof of the 
superior value of the subject. We have yet to discover the highest value of other 
subjects, their depth of power as disciplinary agents having been most imperfectly 
sounded. And if we consider results, do not they afford proof that the belief in 
Latin (as taught) is misplaced ? It has been the staple subject of education and 
has been supposed to afford tbe most valuable training possible in composition.^ 
Nevertheless the complaint is general, and not only here but also in Germany — 
where Latin is far more taught and believed in~that composition is the one 
subject of all others which the schools do not teach. The fact is, Latin is a subject 
which appeals to the minority of scholars, and the time of the majority is wasted 
in studying it. I would give to all an opportunity of proving their aptitude in Latin 
and Greek, or at least some opportunity of appreciating the construction of these 
languages ; but I am inclined to favour the proposal- made by high authority, I 
believe — that such studies should follow that of modern languages rather than 
precede it. The true study of classical languages should be reserved for tbe 
University. In any case, it is beyond question that a very large proportion of 
those who would make magnificent oificers are incapable of learning Latin to 
advantage; such will in future enjoy the iiiestimahle advantage of studying 
Experimental Science ; but if those who take up Latin are in consequence to lose 
all opportunity of acquiring some power of reading the secrets of Nature, and of 
thereby developing thought-power and mental alertness — and such must be the 
effect of the adoption of the recommendations of the Committee — they will prove 
to be of little value to tbe army in comparison with their colleagues whose eyes 
have been trained as well as their ^intellect.’ In the course of the evidence given 
to the Committee, Dr. Warre expressed the view that Science would kill Latin 
eventually. Nothing could be more unfortunate, but tbe course adopted by the 
Committee is that most calculated to bring about such a result, as Latin is thereby 
put in competition with a subject which must ere long he regarded as a necessary 
subject of school instruction under all conditions. Latin should be made one of 
tbe optional subjects along with Greek. 

In their scheme of marks for the examination, the Committee put Latin, 
French or German, and Experimental Science on an equality by assigning 2,000 
marks to each ; but English and Mathematics are rated at a higher value, each 
receiving 3,000 marks. It would have been better to have assigned equal values 
to the several group-subjects regarded as essential to a sound general education. 
It should scarcely he necessary to put a premium on the proper study of a man’s 
owm language ; the subject has naturally a great advantage over others. As to 

’ Dr. Warre was continually harping on this point in his questions to witnesses 
examined by the Committee. Thus (Q. 3,124): ‘I want to put Geography and 
History into English, and your composition would be tested in that way. We think, 
for instance, that Composition is admirably taught by translation from Latin or 
Greek. (To the witness :) Would you agree with that, that translation from another 
language is teaching English Composition ? ’ « 

Again (Q, 8,129) : ‘ When officers have talked to us of the uselessness of Greek 
and Latin, they have neglected the fact that Greek and Latin are the great n structors 
in English.’ Witness (the Rev. A. Robertson) : ‘I quite concur in that.’ 
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Alathematics, there is no doubt that this also is a subject of which the reiatiTe 
value as mental training' has been greatly over- valued, and that the methods 
adopted in teaching it have been very faulty ; consequently much time has been 
wasted and its true value has not been appreciated, as it has been made to appear 
unnecessarily difficult and forbidding. The evidence before the Committee against 
Mathematics being carried too far was very strong. Thus Captain Lee, in 
examining Major-General Sir C. Grove (speaking of the training at AVooiwich), 
said (Q. 604) : ' There was an immense amount of pure mathematics and so forth, 
which one never has occasion to utilise afterwards, unless one becomes an 
Instructor of Cadets at Woolwich, where you teach them the same useless things 
you have learned yourself.’ This elicited from General Grove the reply : ^ Well, 
there is a strange tendency in Mathematics— I do not know wdiy— that wherever 
you introduce them they encroach horribly. I am always struggling to cut down 
advanced mathematics.’ A.nd more to the same effect. Again, Lieutenant-Colonel 
S. Moores, when asked whether he considered the syllabus for the entrance 
examinations at Woolwich and Sandhurst to be reasonable (Q. 2,353) at once 
replied, ^ No, sir ; Mathematics are, in my opinion, very much over-valued as a 
subject for Army examinations, excepting for the Royal Engineers,’ 

After all, if reasonable standards were adopted both in Mathematics and Latin, 
these subjects would not create the difficulty they do in examinations at present 
by absorbing so much of the time in school that no proper attention can be given 
to subjects in reality at least of equal importance. It should be insisted that 
fundamentals be thoroughly taught, and by practical methods, so that the know- 
ledge acquired may be real and usable ; it is astonishing how far students may 
be carried in Mathematics, and how real and interesting the subject becomes, 
when they grasp the fact that it has a practical hearing. 

While dealing with Mathematics, I cannot refrain from quoting a statement 
made by Captain Lee (Q, 4,209), with regard to the relative values of this sub- 
ject and science to military men, as the opinion he expressed is of very general 
application. ‘ I think it is quite true,’ said Captain Lee, ^ that a great number of 
Artillery officers do go through their service without using Science, but I think 
they feel that any science they know proves of much more practical use to them 
in their profession than the Mathematics they have learned. As far as 1 know, 
in the most scientific branch of the Artillery, the Garrison Artillery, there are 
practically no occasions where a knowledge of Mathematics is required beyond 
the Mathematics necessary to solve a simple formula, whereas the lack of know- 
ledge of Electricity, Steam, and Hydraulics is often a serious handicap to the 
officer.’ I will venture to enlarge on this, and say that, assuming Latin, Mathe- 
matics, and Experimental Science were taught equally well, by equally sound 
methods, and that they proved to be of equal value as forms of mental training 
(though, of course, developing somewhat different faculties), the training gained 
through Experimental Science would he far the most valuable because the 
recipients would be brought thereby most intimately into contact with the 
world, and most fitted to help themselves by having their thought-power 
developed. Of course this is but an opinion, but one which, I venture to think, 
many share with me ; and yet I make no superior claim for the subject, and ask 
only that it should rank equally with literary and mathematical training among 
the necessary subjects of education. 

It still remains to consider the specific recommendations of the Committee 
with regard to Experimental Science, as these are most unsatisfactory. Nothing 
could be more satisfactory than the manner in which the subject is dealt with 
by the Committee in their general report, paragraph 20, already quoted (p. 9). 
But on turning to the scheme of the proposed examination (Appendix A), it 
appears that not one Experimental Science but two Experimental Sciences are 
contemplated, viz,, Physics and Chemistry, either of which may be taken in 
preference to Latin and together with English, Mathematics, and French or 
German. A most important issue is involved in this recommendation, and it 
cannot be too strongly opposed. 

It is very strange, and a proof of how little we are accustomed to act consistently 
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or to org-anise, tliat having found a good thing we rarely make use of it. In the 
early days of scientitic teaching the elementary parts of chemistry and physics 
were taught as one subject; but gradually, as the individual sciences developed, 
this healthy practice fell into abeyance. Then tmie brought its revenge ; it was 
seen that a very one-sided creaiure was being trained up ; that the subjects were 
in reality interdependent. Moreover, a revolt had been setting in against the 
formal stereotyped manner in which chemistry was being taught in the schools ; 
this came to a head about 1887, and a better policy was inaugurated by the 
Reports and scheme presented to Section B of this Association in 1889 and 1890, 
which condemned ' test-tuhing ’ in favour of problem work, and led to the introduc- 
tion of the quantitative exercises which are now generally admitted to be of the 
first importance. Although the scheme dealt primarily with chemistry, being the 
work of the Chemical Section, it yet had a physical basis ; physical measurement, 
in fact, was its life blood, and all the earlier exercises prescribed in it were in 
essence physical exercises ; moreover the importance of paying some attention to 
bio-chemical and bio-physical phenomena was not overlooked. As teachers have 
gained experience of the educational value of the heuristic methods advocated in 
the British Association scheme, they have been led to apply them more and more 
widely, and the teaching of Elementary Science has in consequence been regarded 
with growing favour of late years ; more and more has been done to give it the 
necessary breadth so as to constitute it an efiective system of ^ Nature Study.’ 

The University of London— not the reconstituted body of the present day, 
but the much-abused examining body of the past — after careful Inquiry a few 
years ago advisedly substituted the subject of General Elementary Science for 
the specific sciences previously prescribed for the Matriculation Examination, and 
by so doing took a forward step which has generally been admitted by those who 
can really appreciate the issue to be one of the most important possible from an 
educational point of view. But the sjllabus was imperfectly drawn up — 
although it had many good points — and the examination was entrusted to men 
who, besides having little sympathy with the subject, had scant knowledge of 
school requirements and possibilities. Consequently, the examination was a 
failure, as everyone foresaw it would be if conducted without proper considera- 
tion. The new University has taken the most umvise step of reverting to single 
subjects. It has done far worse than this, however, in making ‘ science ’ an alterna- 
tive subject. Such a reversal of the policy so long pursued by its forerunner can 
only be described as a Natimal disaster. I make this statement with utmost 
consideration, and trust that the fact that it is so pronounced from the Chair of 
this Section may give increased furce to my opinion. 

It may be claimed that the action taken by the Committee on Military Educa- 
tion is in harmony with that approved of by the Senate of the University of 
London. The only comfort left open to us is that afibrded by the proverb 
that two ■wrongs do not make a right. Let us hope that wiser counsels will ere 
long prevail. The consequences of perseverance in so narrow a policy must be 
very serious. Consider the efiect even from a limited professional point of view. 
It is widely felt that, owing to the growth of knowledge, it is necessary to 
specialise if we are to do efiective work ; but this does not mean that we should 
be uncultured. We know that the very contrary is the case, and that there was 
never a time when general knowledge was of greater value than it is at the pre- 
sent day. Yet how little this is recognised. The physicist is already unable to 
understand the chemist. And although the biologist is attempting to unravel 
almost transcendental problems in chemistry, he has hut the most rudimentary 
knowledge of the subject. What intellectual pigmies we shall be if we pursue 
80 short-sighted a policy ; how befiective must be our treatment of borderland 
problems. How little right men of science will have to reproach those who have 
recebed only a classical and literary training with lack of general culture if we 
remain so narrow within our O'wn domain. And from a general point of view 
the outlook is still more serious. The object of introducing Experimental Science 
into schools is to give training in knowledge of the world, and to cultivate 
appreciation of its beauties and mysteries. To do this involves resort in some 
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measure to all the sciences. Chemistry and physics are put first merely because 
they are of fundtimental importance, chemical and physical changes being at the 
root of all natural pheiioniena. 

As to the value of ‘ Science ’ to military men, it is easy to understand that 
they should have little conception what it may do lor them ; having never received 
proper training hitherto, they cannot have had the opportunity of testing its 
usefulness or of appreciating its merits. But making all allowances, it is difficult to 
understand aii answer such as that given by Lieutenant-Colonel 5Iurray (Q. 4,806) 
to the Committee on Military Education, viz., that ^ Science is a narrowing study 
for the young mind, and we want to widen and open the mind as much as 
possible let them learn their science afterwards’ (that is, after the entrance 
examination). The contention of the advocates of ‘ Science ’ has always been that 
of all subjects it tends most to widen and open the mind. M^hy attention should 
he specklly called to this answer by the Committee in their report is a riddle ; 
I hope it was because they desired to show they could rise superior to the occa- 
sion. But the idea that science ‘ can he learnt afterwards ’ is a very common 
one, and one of the most pernicious abroad. Learning from books and teachers is 
a lazy method of learning, and the average scholar is corrupted at an early age by 
exclusive resort to such methods. Much of the mental inertness of the day is 
acquired at school by over-indulgence in book study. But apart from this, early 
youth is the period when the mind is most alert and the desire to acquire and 
experiment greatest; it is the time when the powers of observing and oi reasoning 
can be most easily developed into fixed habits; in fact, if they are not then 
developed, it is only in exceptional cases that the omission can be rectified in after 
life, it is too cruel that Mr. Shenstone, the one witness on the subject heard by 
the Committee on Military Education, should have given exprC'Sion to the ill- 
considered opinion that the beginning of the study of Science necessarily comes 
somewhat later than that of Latin. The statement shows how prone we are to 
draw false conclusions, how little we think before we speak. The study of 
Science begins when the infant opens its eyes ; every step it takes when it toddles 
is an attempt to apply the methods of experimental science ; some training in 
scientific method is given in well-conducted Kindergarten schools; but when 
school is entered, the curtain is suddenly drawn upon all such rational study ; 
if it be the fate of the child to enter a Preparatory school prior to entering a 
Public school, he is at once referred back to the times of the Romans and Greeks, 
his teachers being oblivious to the real lesson to be learnt from the study of the 
scholastic methods of classical times: that the training given to the youth should 
be such as to fit him to do his work as a man. How can our officers, how can 
any of us, be otherwise than ill-prepared to do our duty in the world when we are 
so treated as youths ? 

Of course all such narrow views, all such narrow actions, as those I have 
referred to are but consequences of the lack of imaginative power — of our failure 
to make any scientific use of our imagination. Surely it were time we recognised 
this, and that we sought to do our duty towards our children. An Arnold who 
could introduce morality into school method, not merely into school manners, 
would be a precious gift to the world in these days. Steeped as we are in 
medisevalism, we need some cataclysm — some outburst of glowing sand and steam 
such as the world has recently witnessed in the islands of Martinique and St. 
Vincent— which would sweep away preconceived opinions and give clearness to 
the atmosphere. American industry is distinguished by the readiness with which 
manufacturers scrap their machinery and refit. Why cannot we agree to scrap 
our scholastic and academic ideals, if not our schools and schoolmasters, and refit 
on scientific lines .P If we are to weld our Empire into a coherent whole and 
maintain it intact, we must do so. Unless we recognise prophets— if progress be 
allowed to depend on the multitude — we shall perish. And time presses; we 
cannot with safety much longer remain a ^ nation of amateurs.’ An appeal must 
ere long be made to the masses to enforce the provision of leaders ; it must be 
urged upon the men that they see to it that their masters are educated; for 
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however democratic we may be in oiir ideals, history teaches, in a manner which 
admits of no denial, that leaders are the salt of the earth, and in these days leaders 
need a deal of traininf^ to be effective. 

Unfortunately it too often happens that those placed in authority are the very 
last to attempt to march with the times. Bodies such as our Universities, the 
Education Department, and the Civil Service Commissioners might have been 
expected to lead the way, to keep the most watchful eye on all that was 
happening, and to note and apply all improvements. The very contrary has been 
the case. As a rule, they have advanced only under severe pressure from out- 
side, and scarcely a change can he credited to their initiative. It does not seem 
to have occurred to them that an Intelligence Department would be a desirable 
appendage. All suffer from the fatal blot that discretion and authority are vested 
only in a few heads of departments ; the younger and more active spirits have no 
opportunity granted them while their minds are plastic, full of courage and 
instinct with advance ; so when the time comes that they can act they have lost 
the desire through inanition. This is the terrible disease from which all our 
public offices and many industries suffer. It is right to accord experience its 
proper value, but it is wrong to put aside youthful energy and inventiveness. Our 
American cousins owe their advance largely to the recognition of these facts. 

At bottom the spirit of commercialism is the cause of much of the contorted 
action we complain of. Neither Oambritige nor Oxford will take the step which 
has long been pressed upon them — and never more eloquently than by the Bishop 
of Hereford in his paper read before this Section last year — to make their entrance 
examination one which would be in accordance with our knowledge and the recog- 
nised needs of the times, and one which would have the effect of leading schools 
generally to impart the rudiments of a sound general education. They cannot act 
together, and are afraid to act singljr, each fearing that it would prejudice its 
entry if it took a step in advance, and in any way sought to influence the Schools. 
The Colleges vie with each other in securing the best scholars in the hope of 
scoring in the general competition. And the Schools have discovered that 
successes gained in examinations are the most effective means of advertising, and 
are therefore being turned more and more into establishments resembling those 
engaged in the manufacture pate defoie gras, in which the most crammable are 
tutored without the least consideration of the manner in which lifelong mental 
biliousness is engendered by the treatment. Parents, with strange perversity, 
worship the success achieved by Tom and Dick, Mary and Jane, and think they 
are doing their duty by their children in allowing them to be made use of~for 
private ends. The worst feature of the system is the narrow spirit of trades 
unionism which it has engendered, which leads to the worship for ever afterwards 
of those who have gained the prizes, instead of regarding them hut as victors for 
the moment and requiring them at each step to give fresh proof of power. 
Nothing is more unwise than the way in which we overrate the pretensions of the 
‘ first class ’ man ; we too often make a prig of him by so doing. Those who 
succeed in examinations are too frequently not those most fitted for the work of 
the world. A long experience has convinced me that the boys a few places down a 
class are, as a rule, the best material. Those at the top may have acquisitive 
power, but more often ■ than not they lack individuality and the power of exer- 
cising initiative. We must base our judgment in the future on evidence of train- 
ing and of general conduct, not on isolated examinations. If any sincerity of 
purpose he left in us, if any sense of the value of true training — of what constitutes 
true training— can he rescued from the scholastic wreck on which we find our- 
selves at present embarked, we must institute some form of leaving examination 
which will give the requisite freedom to the schools and every opportunity for the 
development of individuality, and at the same time necessitate thoroughness of 
training and patient regard of every grade of intelligence ; leaders will show them- 
selves and will not need to he examined for. Examinations as commercial enter- 
prises must suffer an enforced bankruptcy. 

Pacing studs must be regarded as luxuries in schools and kept apart from the 
ordinary stables, these being regarded as the first charge upon the establishment, as 
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the serious work of the world will fall upon theb occupants. In other words, special 
provision must be made for scholars, and they must not be allowed to monopolise 
attention and set the pace to the detriment o*f the majority. When Carlyle made 
the statement that we had in our islands a population of so many millions, mostly 
fools, he stated what is only a half truth. He failed to realise that the foolishness 
is very largely ^ begotten of neglect and want of opportunity, not innate. Our 
schools mostly fail to find out the intelligence latent in the great majority of their 
pupils, and give it little chance of developing by offering them a varied diet from 
which to select. During a long experience as a teacher, I have over and over 
again seen weaklings develop in course of time into strong men when they have 
been properly encouraged and an opportunity at last found for the exercise of their 
‘ talents.’ The Briton is in this respect a most mysterious creature ; you never 
know when it is safe to call him a fool. All are agreed that the mistakes in the 
recent war were not due to lack of intelligence, but to lack of training. There 
can be no doubt of that. ^ All who have taught in our colleges will, I am sure, 
agree with me that the material sent up from the schools is in substance magnifi- 
cent, but too often hopelessly unfit to benefit from higher teaching. The things 
said of those who enter for the military profession are as nothing in comparison 
with what could be said of those who enter for the professions generally. If our 
young^ people fail to show intelligence in later life, it is as a rule because the 
conditions under which we place them in earlier life are such as not only to leave 
their intelligence undeveloped, but, what is far worse, such as to mar their ability. 
The best return we can make to those who did such magnificent service in the 
late war will be to take to heart the real lessons taught by the mistakes, and to 
see to it that theh children and successors generally are trained in a happier 
school than that in which they were placed. 

Examining bodies at the present time do not appear to realise the full measure 
of their responsibility. To examine well is at all times a difficult task, far more 
difficult than to teach well. The examiner wields a large measure of authority, 
and it is imperative that he should exercise this wisely. Examiners should there- 
fore be chosen with extreme care and with due regard to their fitness for the 
work ; but this too rarely happens ; the choice falls too frequently on specialists, 
with little knowledge of educational requirements and possibilities. The examina- 
tion of boys and girls is far too often put into the hands of those who have no 
real knowledge of the species and little sympathy with its ways. 

There are three courses open to examining bodies — to lead, to maintain them- 
selves just abreast of the times, to stagnate. As a matter of fact, the last is that 
almost invariably chosen — a syEabus, when once adopted, remaining in force 
year after year. Consequently, examinations tend to retard rather than to favour 
the introduction of improved methods of teaching. It is impossible to justify a 
policy which has such results. The evil effect of examinations would be less if 
the syllabus were abolished, and the limits of examinations very broadly indi- 
cated ; this is done in some cases, and might be in all. The incompetent examiner 
and teacher are not in the least helped by the conventional curt syllabus, but the 
liberty of action of the competent examiner and teacher, and their desire to effect 
improvements, are materially limited by it. The competent examiner should 
know what is a fair demand to make of a particular class of students, and should 
be in a position to take count of the advances that are being made ; and the com- 
petent teacher should he able to do all in his power to make the teaching effective, 
and be secure in feeling that his efforts could not fail to be appreciated. To take 
my own subject, the chemistry syllabus recently laid down for the London 
Matriculation examination is quite unsuited to its purpose and most hopelessly 
behind the times. The scheme put forward in the report of the Committee on 
Military Education is hut a bag of dry bones. In the case of several subjects, 
the South Kensington schemes are full of the gravest faults, their hoary antiquity 
being their least objectionable fe^iture. Surely a national institution, dispensing 
public funds, should be the last to hold back the nation ; it should be provided 
with machinery which would enable it to march with the times. In making 
this criticism I should like to recognise the great work done by Sir 'William 
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AlDiiey in instituting reforms; but one swallow does not make a summer; a self- 
acting, governing mechanism is needed which would at all times maintain the 
balance of practice with progress. 

If we consider the process by which decisions on such matters are arrived at, 
even in the bodies representative of very large interests, it is a curiously imperfect 
one. Usually very few individuals are concerned. We are all still imbued with 
primitive instincts. In some way two parties arise, and the question is, w^hicli 
shall conquer ? hlore often than not the true inwardness of the issue presented is 
left out of account— the considered opinion of the day is scarcely asked for, or if 
opinions are collected they are not weighted. Therefore calm reason is rarely the 
arbiter. The conditions of modern civilisation require that some better method 
shall be devised, which will really enable us to do that which would be of the 
greatest good to the greatest number. We do not sufficiently remember that 
while we are tilting, the enemy at our gates is contemplating our failure to main- 
tain and strengthen our fortifications, and quietly advancing his forces to the 
attack. Speaking of the Navy in the House of Commons not long ago, 
Mr. Arnold Forster said: ‘There was a need for some reinforcement of the 
intellectual equipment which directed, or ought to direct, the enormous forces of 
our Empire.’ Surely we may take these words as true generally. 

At the present time, when the responsibility of controlling all grades of 
education is about to be cast upon the community, and the actual call to arms is 
imminent, it is imperative that a sound public policy should he framed, and that 
nothing should be allowed to stand in the way of the public good. It cannot be 
denied that School Boards have done most admirable service ; but there are many 
who are convinced that in not a few respects they have been disastrous failures, 
and that we need a wider organisation, penetrated with sounder and especially 
with more practical views. The one essential condition of success is that the 
public itself treat the matter seriously, realising that their own immediate 
interests are at stake, and that they will be the first to suffer if those who are 
chosen by them to formulate the new policy and to supervise the work of educa- 
tion are unqualified and, to emphasise my meaning, let me add, unpractical. If 
the State is to retain any measure of authority, it too must be prepared to exer- 
cise that authority wisely. The blame to be put upon School Boards in England 
for having allowed an unpractical system of education in the schools is as nothing 
compared with the blame to be put upon the Education Department for having 
allowed such a system to grow up by the adoption of academic ideals and academic 
machinery. Until recently, it was a disqualification for an inspector to have 
teaching experience. A good degree, if not political influence, was the one quali- 
fication. Consequently men were chosen whose practical instincts had never 
been developed, who knew nothing of practical life and of common-place require- 
ments, and nothing of children and their ways ; with rare exceptions the inspec- 
tors could look at education only through literary blinkers. To intensify the evil 
the wicked system of payment by results was introduced. An inspector such as 
I have described, working under such a system, could not do otherwise than 
destroy teaching.^ 

The first necessary step to take will be to reorganise the Education Department, 
root and branch ; to imbue it throughout with sound ideals, and lead it to under- 
stand its great importance as the head centre of the Educational system : for dis- 
establish as we may, and however much we may favour local selt-government, a head 
centre there must be to correlate the efforts made throughout the country and to 
distribute wisdom ; but its functions will be those of an exchange and inquiry office 
rather than directive and assertive. At least, such is my reading of the tendency 
of the Zeitgeist. Such a Department will have an Intelligence Board, whose 
members are partly official, partly unofficial, so that it may maintain itself in 


^ The inspector destroys teaching, because he is bound by law and necessity to 
examine according to a given pattern; and the perfection of teaching is that it 
does not work by a given pattern (Thring). 
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constant toiicli witli outside opinion and effort. One function of tMs Board ivill 
be to preside at a monthly bonfire of red tape and official forms ; for in future, 
even if no other subject of Government concern be kept in a lively and living 
state, education must infallibly be. The whole staff of the office, including the 
inspectorate, will be required to avail itself of that most valuable institution, the 
sabbatical year, i,e., to spend every seventh year in some other employment, so 
that they may not forget that the world has ways sometimes different from those 
pictured within the office, and which it is advisable to take note of in education. 
Eefreshed and invigorated, they will return to work, prepared to sacrifice all sorts 
of traditions, and to recognise the existence of short cuts across fields which had 
before appeared to be of interminable dimensions ; and as it will he required that 
they spend a certain proportion of their close time in the company of children — if 
they have none of their own— they will learn that a child has ways and views of 
its own, none the less interesting and worthy of consideration because they are 
somewhat different from those of grown-up people. 

It is fortunate that the Technical Education Movement has been coincident in 
England with the development of the School Board system. Those engaged in it 
have worked untrammelled by official requirements, and much original thought has 
been enlisted in its service. In essence it has always been a revolt against the 
academic ideals permeating University education and the schools generally ; the 
faults of the schools, in fact, are the more obvious in the light of experience gained 
in technical education, which will now come to our aid in correcting them. 

The really serious tasks before those who direct the work of education in the 
immediate future will be the choice of a programme and the provision of capable 
teachers. If they enter on these tasks with a light heart, God help our nation ; 
they will thereby give proof that they have no true conception of the great respon- 
sibility attaching to the position they occupy. Let no man offer himself for the 
work unless he feels certain that he is in some degree qualified. 

As to the programme, it may be said that that is for the teachers to settle ; 
and so it should be. But it cannot be denied that by long-continued neglect to 
read the writing on the wall, they have lost the claim to legislate ; they have shown 
that they do not know how to legislate. The public must lay down the programme 
in its broad outlines ; teachers must fill in the details. The task imposed upon 
the schools will be to develop the faculties generally — not in the lop-sided manner 
customary heretofore — and especially to develop thought-power in all its forms 
and the due applicatiou of thought-power. 

I believe that gradually a complete revolution must take place in school proce- 
dure, and that the school building of the future will he altogether different from 
the conventional building of to-day, which is but an expansion of the monkish 
cell and the cloister. Instead of being a place fitted only for the rearing of what 
I have elsewhere termed desk-ridden emasculates, the school will he for the most 
part modelled on the workshop, giving to this term the most varied meaning pos- 
sible, and a great part of the time will be spent at the work bench, tool in hand. 
Nature’s workshop will, of course, be constantly utilised, and the necessary provi- 
sion will be made for outdoor exercise and physical training. Scientific method 
will underlie the whole of education. 

It will he recognised that education has two sides, a literary and a practical : 
that the mind can work through fingers j in fact, through all the senses ; that it is 
not embodied only in the so-called intellect, a narrow creation of the schools. 
The practical training will therefore he regarded as at least equal in importance to 
the literary. Heads of schools will not only be potential bishops, hut almost all 
careers will be open to them. In fact, I trust the system will he in operation 
which I have already advocated should he applied to the Education Department, 
and that the members of the school staff will he forced out into the world at 
stated intervals, so that they may not degenerate into pedants capable only of 
applying set rules much after the.;nanner of that delightful creation Beekmesser 
in Wagner’s opera 'Die Meistersinger.’ 

The class system will be largely abandoned. Children’s school time will not 
be chopped up into regulated periods in a manner which finds no analogy in the 
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work-a-day "world, but they will liave certain tasks confided to them to do and will 
be allowed considerable latitude in carrying them to completion. In fact, they 
will be treated as rational beings, and their individuality and self-respect developed 
from the outset. The Boer War will have taught us to adopt open order teaching 
as well as open order firing. Schools will glory in turning out individuals, not 
machines. The success of the Americans is largely due to the way in which Re- 
publican doctrines are applied to the up-bringing of children in America. We must 
follow their example, and set our children free and encourage them to be free at 
an early age. The human animal develops at a sufficiently slow rate in all con- 
science, and there is little need for man to retard his own development. School, 
with its checks upon freedom and individuality, should be quitted at seventeen at 
latest, I believe, and all subsequent systematic training should take place at 
college. Boys are kept at school after seventeen mainly for the purposes of the 
school. It is claimed that by remaining they gain most valuable experience by 
acting as monitors and prefects ; but this experience is enjoyed only by the few, 
and might be obtained at an earlier age. Then it is said that seventeen is too 
early an age to enter Oxford or Cambridge, hut this has only been the ease since 
schools have retained hoys to prepare them for examinations, and in order that 
they might assist in the management. I believe that the attempts which have 
been made in these latter days to do- college work at schools and to establish 
engineering sides in order to find work for senior boys have had a most detri- 
mental efi-ect. It is said that the training given in technical schools is too far 
removed from practice ; but how much more must this be true ot technical work 
done under school conditions? The excessive devotion to literary methods 
favoured by schools and the older Universities tends to develop unpractical habits 
which unfit many to face the rough-and-tumble life of the world, and is pro- 
ductive of a disinclination for practical avocations. By leaving school at a 
properly early period this danger is somewhat lessened ; moreover it is necessary 
in many walxa of life that school should he left early in order that the school of 
practice may he entered sufficiently soon to secure the indispensable manual 
dexterity and habits. For a long time past we have been d]*ifting away from 
the practical, and those who are acquainted with the work of the schools, espe- 
cially the elementary schools, are aghast at the influence they are exercising in 
hindering the development of practical ability. We must in some way counteract 
this tendency. On the other baud we have to meet the views of those who very 
properly urge that it is cruel to withdraw children from school even at the age 
we do. The two views must in some way be reconciled. The only way will be 
to so improve the teaching in schools that school becomes a palace of delight and 
the continuation school a necessity. The habits formed at school should be such 
that study would never be intermitted on leaving school. At present school so 
nauseates the majority that on quitting it they have neither desire nor aptitude 
to study left in them ; the work ^done in it is so impossible to translate into 
ordinary practice, so foreign to outside requirements. 

The problem can only be solved by the scientific use of the imagination. The 
solution I would venture to offer is that an honest attempt be made to teach, not 
only the three R’s, but also a fourth, Reasoning— the use of thought-power— and 
that a properly wide meaning be given to all the R’s. 

Of all powers that can he acquired at school, that of reading is of first import- 
ance. Let teachers read what Carlyle says in the ' Hero as Man of Letters ’ 
correcting his exaggerations by reading into his words some of the lessons taught 
by experimental science. Reading is not taught in schools in these days ; if it 
we, people would not waste their time on the rubbish which now figrn^s as 
literature, and for which a rational substitute must be found. A well-read man 
is worshipped at the Universities, and is held up to all comers as a pattern. Why 
should not children he encouraged to be ^ well read ’ ? Let us admit this and sow 
books in their path. Thring, in giving utterance to his ' Practical Thoughts on 
Education after Thirty Years’ Work,’ speaks strongly on this point. Great 
interest will make up for want of time. Create great interest,’ he says ; and 
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these are noteworthy 'words. ‘ As .soon as children can read throw away all 
lesson-books for a time. Let them read. Let them read aloiid—really read, not 
tumble through the pages. Give them to read poetry, the lives of good men, 
narratives of noble deeds, historical stories and historical novels, books of travel, 
and all the fascinating literature of discovery and adventure. The person who 
has once learnt to read well is tempted to go on. And such books, selected by a 
carcMlv graduated scheme, would supply endless Imowledge whilst kindling the 
mind, without any waste of time from ^udgery and disgust. Geography, history, 
and power of speech are all comprised in such books if properly used.’ 

l^hring here advocates what I would advocate — the incidental method of 
teaching. Why should there he any set lesson in subjects such as history and 
geography ? IMothing is worse, more stereotyped, more crampiug to the intellect, 
than the set lesson of so many lines or pages, of a sort of Liebig’s Essence of 
information, with the attendant obligation of committing the facts recorded in 
them to memory. The child, like the restive, high-mettled young steed, wants to 
be off and aw^ay— not to be held severely in hand. Why should not the method 
by Tvhicb we get up a subject in later life be followed in schools? At least it 
should be properly tried. Let us give freedom to children, and at least during 
early years lead them to read hai'd and msely ; they will do so gladly ; and gke 
them pictures inuumerahle in illustration of their reading. And children must 
not only be taught to read books ; they must learn also to regard and use them as 
sources of information; the habit of flying for information to books must be 
cultivated. They must be constantly referred to dictionaries and works ot 
referena' generally ; they must be set to hunt up all sorts of stories. Of course 
the scholastic Beckmesser will object that such a system is impossible, that there 
would be an end to all discipline ; but to say this is to show a want of under- 
standing of children and of faith in them, and is proof of failure to recognise 
their power of accepting responsibility when it is properly put upon them. The 
secret of success lies in beginning sufficiently early ; once let them appreciate 
what they are doing and the majority will work eagerly and spontaneously. 

But when the full meaning is given to the first of the R’s, it wOl be held to 
cover not only the reading of printed or written character, but also the reading 
of souK^ of Nature’s signs, to the end that sermons may be discovered in stones 
and good in everything. That is to say, at the same time that they are acquiring 
the true art of reading, they must be learning the true art of experimenting— to 
find out things by putting questions of their own and obtaining direct answers. 
The teaching of the elements of experimental science must therefore accompany 
tlie teaching of reading. And great care must he exercised that the palate for 
experimenting, for results, is not spoilt by reading. The use of text-books must 
be most carefully avoided at this stage in order that that which should he elicited 
by experiment is not previously known and merely demonstrated — a most inferior 
method from any true educational point of view, and of little value as a means of 
developing thought-power. I regard Huxley’s physiography, for exaiMle, as a 
type of the book to be avoided until method has been Mly mastered. The great 
difficulty in the way of teaching the art of reading arises from the comparative 
paucity of readable books for young people. Text-books are not readable, and in 
tact tend to spoil reading ; and the majority of hooks are written for grown-up 
people having considerable experience of the world. The mistake is too commonly 
made of expecting children to master ^ classics.’ On the other hand, we need not 
fear allowing advanced hooks to fall into the hands of children ; they are the first 
to despise the namhy pamhy stuff' that is too frequently offered to them. A new 
literature must he created, if education is to he put on a sound basis something 
beyond mere word painting is required. Books are wanted, written in a bright, 
attractive, and simple style, Ml of accurate infonnation, which 'would carry us 
over the world and give clear pictures of all that is to be seen, as well as of the 
character and customs of its inhabitants ; and hooks ^ are wanted which, in like 
manner, would carry us hack in time and sketch the history of the peoples of the 
eartb. The various branches of science all need their popular exponents ; our 
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books are for tke most part too technical, and whilst much has been done to 
advocate the iutrodiictioii of ‘ science ’ into general education, little has been done 
to make this possible. Unfortunately those who attempt to write readable boolis 
are too frequently not those who are possessed of sound knowledge, and it is time 
that it were realised hy those who could write well and accurately that there 
is a duty incumbent upon them ; on the other hand, something should be done to 
stem the torrent of text-hooks which is now Hooding the field of education witli 
the destroying force of a deluge, and making proper reading impossible. 

The true use of hooks has yet to be found and admitted ; we do not sufficiently 
]-ecognise their value as stores of information and savers of brain waste. Why 
should long trains of facts he committed to memory but to be forgotten ? It is 
impossible to believe that such a process is mental training ; it must involve loss 
of energy and mental degradation. In future we must give the training at less 
cost, and teach the art of going to books for minute details whenever they are 
wanted. Nearly every subject is taught in an eminently selfish manner at the 
present time, the expert declaring that the learner must become acquainted with 
all the main facts of the subject, instead of recognising that it is far more important 
to acquire knowledge of first principles together with the power of acquiring the 
knowledge of facts whenever these become necessary. 

The second R may be held to cover not only mere writing, but also composition. 
Why is the art of composition taught so badly ? Because it is impossible even for 
children to make bricks without straw : they have little to write about under 
ordinary school conditions. The subject is also one, I believe, which must be 
taught incidentally, at least during the earlier years, and chiefly in connection 
with the experimental work ; in fact, to make this last the training it should be 
an absolute record of all that is done must be properly written out, and while the 
work is being done too. Many teachers, I know, shy at this, and say that it is 
their business to teach ^ Science,’ and not literary style ; but they are wrong, 
and must inevitably accept the burden if they are to succeed in teaching ‘ Science ' 
at all. All experiment, like an act, ‘ hath three branches ’—to conceive, to do, to 
utilise: a clearly defined motive must underlie it; it must he properly executed ; 
the result must he interpreted and applied. It is only when the motive is clearly 
written out that it is clearly understood — that the meaning or intention of the 
experiment is clearly grasped ; and this is equally true of the result. Of course, 
it is necessary to proceed slowly and not to demand too much from beginners ; but 
it is surprising how the power grows. Drawing, of course, must be included 
under the second R ; but this also may with advantage he taught incidentally, and 
only receive individual attention at a later stage, when those who show aptitude 
in the incidental work have been selected out for higher instruction. 

The third R must be held to cover, not merely the simple rules of arithmetic, 
and all that is necessary of formal mathematics, but also measurement work. 
Mathematics claims to be an exact subject, and therefore must be treated exactly, 
and made the means of inculcating training in exactness, and not on paper merely, 
hut in fact. Moreover, physical science reposes on a basis of exact measurement, 
so that the introduction of experimental work into schools involves the introduc;- 
tion of measurement work as a matter of course. 

The fourth R— -Reasoning— will necessarily be taught in connection wit h evoiy 
subject of instruction, not specifically. It is introduced as markingthe absolute 
need of developing thought-power ; and, in point of fact, should be put before ell 
others in importance. 

Under such a system as I suggest the time of study would be spent in two 
ways— in reading and experimenting. But whatever we do let us be thorough ; 
the danger lies in attempting too much, too many things. Each step must be 
taken slowly and warily, and a secure position established before going further. 

Ireland is fortunate at the present time in that far-reaching changes are being 
introduced into its educational system. A body of men are engaged in this work 
who are, I heliere, in evsiw way specially qualified to promote reforms and 



transactions of section l. 


eanif'Sllv desirous of developing a sound policy. The Irish race have rich powers of 
imagination such as no other section of the nation possesses, and it is only necessary 
that these powers be trained to considered and balanced action to make the Irish 
capable of deeds before which the splendid achievements of the past will appear as 
nothing. Of course the development of a true policy must come about slowly, 
and we must not be too impatient of results, but give every encouragement and aU 
possible support to those engaged in the work. It is before all things necessary to 
remember that the school is a preparation for life, not for the inspector’s visit ; in the 
future the inspector will act more as adviser and friend, let us hope, than as mentor. 

Turning to my own subject, the programmes laid down for piimary and inter- 
mediate schools appear to me to be well thought out and full of promise, the only 
fault that I might be inclined to find being that perhaps they are somewhat too 
ambitious. But very able men are directing the work, and they should be 
able to see that thoroughness is aimed at before all things. Nothing could be 
more gratifying than Mr. Heller’s statement in the Keport for 1900, 'that 
the Irish teachers as a whole seem to possess a great natural taste and aptitude 
for science and the method of experimental inquiry.’ May they seek to set 
the example which is sorely needed to teachers in other parts of the Kingdom. 
I fear there has been a good deal of hand-to-mouth teaching in the past; to 
avoid this, the teacher should not only have a carefully drawn-up scheme 
nf work, but slioiilcl keep a diaiy in which the work accomplished each 
week is carefully recorded. In this way the weaker teachers will check any 
tpdency they may have to relax their eftorts, and inspectors will be in the posi- 
tion to understand at once what progress is being made. Education, unfortu- 
nately, is subject to booms as the money market is ; just now the ' Nature study ’ 
boom is on. We must he very careful not to let this carry us away ; whatever' is 
done must he by way of real Nature study, and must have very simple beginnings. 
In most of the work that is being boomed the presence of the eternal book is only 
too evident, and such teaching must be worthless. Let the teachers remember 
that the great object iu view is to acquire the art of experimenting and observing 
with a clearly defined and lo^cal purpose. If they once learn to experiment 
properly all else will follow. The inspectors must give constructive help to the 
work ; they too must he students and laboiuers in tbe cause of progress, not mere 
commentators. And there will be a great opportunity for experts to assist who 
can be helpful to schools. Every school should be provided with a workshop, 
simply equipped with flat-topped tables, in which all the subjects which are 
taught practically can he taken. Elaborately fitted laboratories are not only 
unnecessary hut undesirable ; the work should be done under conditions such as 
obtain in ordinary life. A due proportion of the school time must be devoted to 
experimental studies : no difficulty will arise when it is seen that so much else is 
taught incidentally ; and that this is the case must be carefully borne iu mind in 
arranging the curriculum — otherwise there will be much overlapping and waste of 
time. Lastly, every effort must he made to keep down the size of the classes. I trust 
that in Ireland the girls will receive as much attention as the boys. Experimental 
teaching is of even greater value to them than to hoys, as boys have more oppor- 
tunities of doing work which is akin to it in the world. The work done by girls 
should of course bear directly on their domestic occupations. 

If we are to improve our schools the teachers must he trained to teach 
properly — or rather, let me say, must be put in the right way to teach, because 
practice and experience alone can give proficiency. This is the most difficult of 
all the problems to be faced in providing for the future. It is the one of all others 
to be thought out with the greatest care, and in solving it the help of all who can 
help must be secured. No amount of didactic teaching will make teachers ; the 
training must he practical. To graft on the ordinary training a course of lectures 
on the theory and practice of teaching plus a certain amount of practice^ in a 
school is not enough. How can we attempt to teach the theory and practice of 
teaching when we are agi’eed that we do not know how to teach most subjects? 
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How can a master of method instruct us how to teach subjects of which he has 
only heard ’? It cannot be done ; in point of fact, we are talking about the thing— 
beating about the bush— instead of treating the problem'" as one which can only be 
soHed by experiment. To teach method, you must know your subject •, one man 
cannot know many subjects. Of course there are quite a number of good_ general 
rules to be learnt, but the application of these must rest with the specialist ; and 
the only proper way of giving training in method is to teach the subject in the 
way it seems desirable that it should be taught. The end result of training 
should be the development of a spirit of absolute humility — of the feeling that no 
task is so difficult as that of teaching properly, no career in which finality is 
more impossible to attain to, no career which offers greater opportunity for 
perpetual self-improvement. The effect of the narrow and unimaginative system 
in vogue to-day is to send forth a set of young persons who arrogantly consider 
that they are ‘ trained ’ ; if they would only think of the amount of preparation 
involved in training for athletic competitions, or in training race-horses even, they 
would entertain more modest views and be aware that they have everything to 
learn when they commence their work. The Beckmessers reign supreme in our 
training colleges of to-day; they must be got rid of, and true modest experts 
introduced in their place. The test of efficiency must be a real one, not that of a 
mere final examination. The inspectors must see to it that the instruction is 
given always with a view to the fact that the students are to become teachers, 
which at present seems to be the last consideration borne in_ mind. Every effort 
must be made to secure a higher class of student for the training colleges a lair 
secondary training mmt be insisted on. A narrow spirit of trades unionism 
pervades the primary school system at the present time, and School Boards and 
managers of Pupil Teachers’ Centres make no effort to secure the assistance of 
secondary teachers. 

My receipt for a training college would be: Develop thought-power aud 
individuality ; develop imagination. Teach whatever will do this most effectively, 
and let special subjects be studied in the way that may best be followed in teaching 
them subsequently. 

It is to the lasting shame of our State organisation and o! our School Boards 
that so little has been done to provide competent teachers. 

The future rests with the Universities ; but to save the nation the Universities 
must be practical, and broader conceptions must prevail in them. course of 
training which will give true culture must be insisted on. The Universities have 
recently shown a disposition— to use a vulgarism — to throw themselves at the 
heads of the military authorities, and to make special provision for the training of 
military students. It is much more their office to train teachers. Why should 
not the example to hand in the engineering school at Cambridge be followed f 
Why should not a special Tripos be established for teachers in training ? I believe 
this to he the true solution of the problem. 

^ The desire now manifest in several of our large towns to establish now Univer- 
sities comes most opportunely, and should receive every possible encouragement 
from all who have the interests of our country at heart. 1 believe the objections 
to be altogether fanciful and the outcome of academic views. It is said that the 
value of the degree will go down like that of Consols. But in what does the value 
of a degree consist ? Simply and solely in the evidence it affords of training. We 
regard the Oxford and Cambridge degrees as of value because tliey are proof that 
their possessors have lived for some time under certain conditions which are recog- 
nised to be productive of good. The degrees of other Universities must soon 
come to be regarded as proof of sound and healthy training. It must become 
impossible to obtain degrees such as the University of London has been in tJie 
habit ol awarding, which have been the result of mere garret-study : proof of 
training will be required of all candidates for degrees. 

But 1 must now bring this Address to a conclusion. The only apology that I 
can offer for its length is that having had over thirty years' experience as a teacher, 
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and being profoundly impressed by tbe serious character of the outlook, the oppor- 
tunity being given me, I felt that, as the walrus said to the carpenter, ' 

' Tbe time has come, . . . 

To talk of many things : 

Of shoes, and ships, and sealing-wax, 

■ Of cabbages, and kings, 

And why the sea is boiling hot, 

And whether pigs have wings.’ 

(• Alice through the Looking-glass.’) 

This list of subjects is no more varied and disconnected—the problems set no 
deeper — than those to which we must give our attention in dealing with edu- 
cation; and the sooner the fate of the oysters is that of our present "educational 
‘ system ’ the better. Having shown by this quotation that I am not an absolute 
modern, but have some knowledge of the classics, let me finally say, in the words 
of another poet — of him who on various occasions gave utterance to much wisdom 
at the breakfast table, that ‘ I don’t want you to believe anything I say, I only 
want you to try to see what makes me believe it.’ 

Something more than an apology for an Education Act such as the powers are 
now engaged in shaping for us must be framed at no distant date, and a determi- 
nate policy arrived at. That policy may perhaps be found in the words put into 
Hamlets mouth : — 

Hamlet. To what base uses we may return, Horatio ! Why may not imagination 
trace the noble dust of Alexander, till he find it stopping a bung-bole ? 

Homt'io. ’Twere to consider too curiously, to consider so. 

Hamlet. No, faith, not a jot ; but to follow him thither with modesty enough 
and likelihood to lead it, as thus : Alexander died, Alexander was buried, Alexander 
returneth into dust ; the dust is earth ; of earth w^e make loam ; and why of that 
loam, whereto he was converted, might they not stop a beer barrel 1 

Imperious Cmsar, dead and turned to clay, 

Might stop a hole to keep the wind away ; 

0, that that earth, which kept the world in awe, 

Should patch a wall to expel the winter’s flaw ! 

Shakespeare thus taught the use of the imagination before Tyndall ! The fact 
that we can now carry our imagination far further afield and contemplate the 
survival of atoms once embodied in imperious Caesar in the flowers and fruit 
which deck the fair face of Nature— a higher end than that Hamlet paints— may 
serve to justify the adoption of a method he advocated. Modern progress is based 
on research — the application of imagination. Surely then there is every reason to 
make the spirit of research the dominant force in education ! 
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Twenty-five years ago a great change was made in the practice of the 
British Association. From the foundation of our Society until 1884 its 
meetings had always been held in the British Isles ; in that year, how- 
ever, the Association met in Montreal, and a step was taken %vhich 
changed us from an Insular into an Imperial Association. For this 
change, which now I think meets with nothing but approval, Canada 
is mainly responsible. Men of science welcome it for the increased 
opportunities it gives them of studying under the most pleasant and 
favourable conditions different part.s of our Empire, of making new 
friends; such meetings as these not only promote the progress of 
science, but also help to strengthen the bonds which bind together the 
different portions of the King s Dominions. 

This year, for the third time in a quarter of a century, we are meet- 
ing in Canada. As if to give us an object lesson in the growth of 
Empire, you in Winnipeg took the opportunity at our fii*st meeting in 
Canada in 1884 to invite our members to visit Manitoba and see for 
themselves the development of the Province at that time. Those who 
were fortunate enough to be your guests then as well as now are con- 
fronted with a change which must seem to them unexampled and 
almost incredible. Great cities have sprung up, immense areas have 
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been converted, from prairies to prosperous farms, flourishing industries 
have been started, and the population has quadrupled. As the 
President of a scientific association I hope I may be pardoned 
if I point out that even the enterprise and energy of your people and 
the richness of your country would have been powerless to effect this 
change without the resources placed at their disposal by the labours of 
men of science. ' ^ , 

The eminence of my predecessors in the chair at the meetings of the 
British Association in Canada makes my task this evening a difficult 
one. The meeting at Montreal was presided over by Lord Eayleigh, 
who, like Lord Kelvin, his colleague in the chair of Section A at that 
meeting, has left the lion’s mark on every department of physics, 
and who has shown that, vast as is the empire of physics, there are 
still men who can extend its. frontiers in all of the many regions under 
its sway. It has been my lot to succeed Lord Bayleigh in other offices 
as w^ell as this, and I know how difficult a man he is to follow. 

The President of the second meeting in Canada — ^that held in 1897 
at Toronto — was Sir John Evans-, one of those men who, like Boyle, 
Cavendish, Darwin, and Huggins, have, from their own resources and 
without the aid derived from official positions or from the universities, 
made memorable contributions to science: such men form one of the 
characteristic features of British science. May we not hope that, as the 
knowledge of science and the interest taken in it increase, more of the 
large number of men of independent means in our country may be found 
working for the advancement of science, and thereby rendering services 
to the community no less valuable than the political, philanthropic, and 
social work at which many of them labour with so much zeal and 
success ? 

I can, however, claim to have some experience of, at any rate, one 
branch of Canadian science, for it has been my privilege to receive at 
the Cavendish Laboratory many students from your universities. 
Some of these have been holders of what are known as the 1851 scholar- 
ships. These scholarships are provided from the surplus of the Great 
Exhibition of 1851, and are placed at the disposal of most of the 
younger universities in the British Empire, to enable students to devote 
themselves for two or three years to original research in various branches 
of science. I have had many opportunities of seeing the work of these 
scholars, and I should like to put on record my opinion that there is no 
educational endowment in the country which has done or is doing 
better work. 

I have had, as I said, the privilege of having as pupils students 
from your universities as well as from those of New Zealand, Australia, 
•and the United States, and have thus had opportunities of comparing 
the effect on the best men of the educational system in force at your 
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uniTersities with that which prevails in the older English universities. 
Well, as the result, I have come to the conclusion that there is a good 
deal in the latter system which you have been wise not to imitate. The 
chief evil from which we at Cambridge suffer and which you have 
avoided is, I am convinced, the excessive competition for scholarships 
which confronts our students at almost every stage of their education. 
You may form some estimate of the prevalence of these scholarships 
if I tell you that the colleges in the University of Cambridge alone give 
more than 35 , 0001 . a year in scholarships to. undergraduates, and -I 
suppose the case is much the same at Oxford. The result of this is 
that preparation for these scholarships dominates the education of the 
great majority of the cleverer boys who come to these universities, and 
indeed in some quarters it seems to be held that the chief duty of a 
schoolmaster, and the best test of his ef&ciency, is to make his boys 
get scholarships. The preparation for the scholarship too often means 
that about two years before the examination the boy begins to specialise, 
and from the age of sixteen does little else than the subject, be it 
mathematics, classics, or natural science, for which he wishes to get a 
scholarship ; then, on entering the university, he spends three or four 
years studying the same subject before he takes his degree, when his 
real life work ought to begin. How has this training fitted him for this 
work? I will take the case in which the system might perhaps be 
expected to show to greatest advantage, when his work is to be original 
research in the subject he has been studying. He has certainly 
acquired a very minute acquaintance with his subject — indeed, the know- 
ledge possessed by some of the students trained under this system is 
quite remarkable, much greater than that of any other students I have 
ever met. But though he has acquired knowledge, the effect of study- 
ing one subject, and one subject only, for so long a time is too often to 
dull his enthusiasm for it, and he begins research with much of his 
early 'interest and keenness evaporated. Now there is hardly any 
quality more essential to success in research than enthusiasm. Ee- 
search is difficult, laborious, often disheartening. The carefully 
designed apparatus refuses to work, it- develops defects which may take 
months of patient work to rectify, the results obtained may appear iiir 
consistent with each other and with every known law of Nature, sleep - 
'less nights and laborious days may seem only to make the confusiQU 
more confounded, and there is nothing for the student to do but: 
to take for his motto ‘ It’s dogged as does it,’ and plod on, comforting 
himself ‘with the assurance that when success does come, the difficulties 
he has overcome will increase the pleasure — one of the most exquisite 
men can enjoy — of getting some conception which will make all that 
was tangled, confused, and contradictory clear and consistent. Unless 
he has enthusiasm to carry him on when the prospect seems almost 
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hopeless and the labour and strain incessant, the student may give up his 
task and take to easier, though less important, pursuits. 

I am convinced that no greater evil can be done to a young man than 
to dull his enthusiasm. In a very considerable experience of students 
of physics beginning research, I have met with more — many more- 
failures from lack of enthusiasm and determination than from any lack 
-of knowledge or of what is usually known as cleverness. 

This continual harping from an early age on one subject, which is 
•BO ef&cient in quenching enthusiasm, is much encouraged by the 
•practice of the colleges to give scholarships for proficiency in one siib- 
-ject alone. I went through a list of the scholarships awarded in the 
"University of Cambridge last winter, and, though there were 202 of 
■'them, I could only find three cases in which it w’'as specified that the 
■award was made for proficiency in more than one subject. 

The premature specialisation fostered by the preparation for these 
••scholarships, injures the student by depriving him of adequate literary 
•culture, while when it extends, as it often does, to specialisation in one 
■or two branches of science, it retards the progress of science by tending 
to isolate one science from another. The boundaries between the 
• sciences are arbitrary, and tend to disappear as science progresses. The 
principles of one science often find most striking and suggestive 
illustrations in the phenomena of another. Thus, for example, the 
physicist finds in astronomy that efiects he has observed in the labora- 
tory are illustrated on the grand scale in the sun and stars. No better 
illustration of this could be given than Professor Hale's recent dis- 
-•covery of the Zeeman effect in the light from sunspots ; in chemistry, 
too, the physicist finds in the behaviour of whole series of reactions 
-illustrations of the great laws of thermodynamics, while if he turns to the 
'biological sciences he is confronted by problems, mostly unsolved, of 
-unsurpassed interest. Consider for a moment the problem presented 
'by almost any plant — ^the characteristic and often exquisite detail of 
■flower, leaf, and habit — and remember that the mechanism which con- 
ttrols this almost infinite complexity was once contained in a seed per- 
haps hardly large enough to be visible. We have here one of the most 
entrancing problems ,in chemistry and physics it is possible to conceive. 

Again the specialisation prevalent in schools often prevents students 
of science from acquiring sufficient knowledge of mathematics; it is 
true that most of those who study physics do some mathematics, but 
I hold that, in general, they do not do enough, and that they are not 
as ef&cient physicists as they would be if they had a wider knowledge 
of that subject. There seems at present a tendency in some quarters 
to discourage the use of mathematics in physics; indeed, one might 
infer, from the statements of some writers in quasi-scientific journals, 
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that ignorance of mathematics is almost a virtue. If this is so, then 
surely of all the virtues this is the easiest and most prevalent. 

I do not for a moment urge that the physicist should confine him- 
self to looking at his problems from the mathematical point of view; 
on the contrary, I think a famous French mathematician and physicist 
was guilty of only slight exaggeration when he said that no discovery 
was really important or properly understood by its author unless and 
until he could explain it to the first man he met in the street. 

But two points of view are better than one, and the physicist who 
is also a mathematician possesses a most powerful instrument for 
scientific research with which many of the greatest discoveries have been 
made; for example, electric waves were discovered by mathematics long 
before they were detected in the laboratory. He has also at his 
command a language clear, concise, and universal, and there is no 
better way of detecting ambiguities and discrepancies in his ideas tham 
by trying to express them in this language. Again, it often happenS' 
that we are not able to appreciate the full significance of some physical 
discovery until we have subjected it to mathematical treatment, when 
we find that the effect we have discovered involves other effects which 
have not been detected, and we are able by this means to duplicate^ 
the discovery. Thus James Thomson, starting from the fact that 
ice floats on water, showed that it follows by mathematics that ice- 
can be melted and water prevented from freezing by pressure. This- 
effect, which was at that time unknown, was afterwards verified by 
his brother, Lord Kelvin. Multitudes of similar duplication of physical 
discoveries by mathematics could be quoted. 

I have been pleading in the interests of physics for a greater study 
of mathematics by physicists. I would also plead for a greater study 
of physics by mathematicians in the interest of pure mathematics. 

The history of pure mathematics shows that many of the most 
important branches of the subject have arisen from the attempts made- 
to get a mathematical solution of a problem suggested by physics. 
Thus the differential calculus arose from attempts to deal with the- 
problem of moving bodies. Fourier’s theorem resulted from attempts 
to deal with the vibrations of strings and the conduction of ‘heat,*: 
indeed, it would seem that the most fruitful crop of scientific ideas- 
is produced by cross- fertilisation between the mind and some definite;, 
fact, and that the mind by itself is comparatively unproductive. 

I think, if we could trace the origin of some of our most comprehen* 
sive and important scientific ideas, it would be found that they arose • 
in the attempt to find an explanation of some apparently trivial and 
very special phenomenon; when once started the ideas grew to such 
generality and importance that their modest origin could hardly be 
suspected. Water vapour we know will refuse to condense into rain 
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unless there are particles of dust to form nuclei; so an idea before 
taking shape seems to require a nucleus of solid fact round which it 
can condense. 

I have ventured to urge the closer union between i mathematics and 
physics, because I think of late years there has been some tendency 
for these sciences to drift apart, and that the workers in applied 
mathematics are relatively fewer than they were some years ago. This 
is no doubt due to some extent to the remarkable developments made in 
the last few years in experimental physics on the one hand and in the 
most abstract and metaphysical parts of pure mathematics on the other. 
The fascination of these has drawn workers to the frontiers of these 
regions who would otherwise have worked nearer the junction of the 
two. In part, too, it may be due to the fact that the problems with 
which the applied mathematician has to deal are exceedingly difficult, 
and many may have felt that the problems presented by the older 
physics have been worked over so often by men of the highest genius 
that there was but little chance of any problem which they could have 
any hope of solving being left. 

But the newer developments of physics have opened virgin ground 
which has not yet been worked over and which offers problems to the 
mathematician of great interest and novelty — problems which will sug- 
gest and require new methods of attack, the development of which 
will advance pure mathematics as well as physics. 

I have alluded to the fact that pure mathematicians have been 
indebted to the study of concrete problems for the origination of some 
of their most valuable conceptions ; but though no doubt pure 
mathematicians are in many ways very exceptional folk, yet in this 
respect they are very human. Most of us need to tackle some definite 
difficulty before our minds develop whatever powers they may possess. 
This is true for even the youngest of us, for our school boys and 
school girls, and I think the moral to be drawn from it is that we should 
aim at making the education in our schools as little bookish and as 
practical and concrete as possible. 

, I once had an illustration of the power of the concrete in stimulating 
the mind which made a very lasting impression upon me. One of my 
first pupils came to me with the assurance from his previous teacher 
that he knew little and cared less about mathematics, and that he had 
no chance of obtaining a degree in that subject. For some time I 
thought this estimate was correct, but he happened to be enthusiastic 
about billiards, and when we were reading that part of mechanics which 
deals with the collision of elastic bodies I pointed out tiuit many of 
the effects he was constantly observing were illustrations of the subject 
we were studying. From that time he was a changed man. He had 
never before regarded mathematics as anything but a means of annoying 
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innocent undergraduates ; now, when he saw what important results it 
could obtain, he became enthusiastic about it, developed very con- 
siderable mathematical ability, and, though he had already wasted two 
out of his three years at college, took a good place in the Mathematical 
Tripos. 

It is possible to read books, to pass examinations without the 
higher, qualities of the mind being called into play. Indeed, I doubt 
if there is any process in which the mind is more quiescent than in 
reading without interest. I might appeal to the widespread habit of 
reading in bed as a prevention of insomnia as a proof of this. But 
it is not possible for a boy to make a boat or for a girl to cook a dinner 
without using their brains. With practical things the difficulties have 
to be surmounted, the boat must be made watertight, the dinner must 
be cooked, while in reading there is always the hope that the difficulties 
which have been slurred over will not be set in the examination. 

I think it was Helmholtz who said that often in the course of a 
research more thought and energy were spent in reducing a refractory 
piece of brass to order than in devising the method or planning the 
scheme of campaign. This constant need for thought and action gives 
to original research in any branch of experimental science great educa- 
tional value even for those who will not become professional men of 
science. I have had considerable experience with students beginning 
research in experimental physics, and I have always been struck by 
the quite remarkable improvement in judgment, independence of 
thought and maturity produced by a year’s research. Eesearch develops 
qualities which are apt to atrophy when the student is preparing for 
examinations, and, quite apart from the addition of new knowledge to 
our store, is of the greatest importance as a means of education. 

It is the practice in many universities to make special provision 
for the reception of students from other universities who wish 
to do original research or to study the more advanced parts of their 
subject, and considerable numbers of such students migrate from one 
university to another. I think it would be a good thing if this practice 
were to extend to students at an earlier stage in their career ; especially 
should I like to see a considerable interchange of students between the 
universities in the Mother Country and those in the Colonies. 

I am quite sure that many of our English students, especially those 
destined for public life, could have no more valuable experience than to 
spend a year in one or other of your universities, and I hope some of 
your students might profit by a visit to ours. 

I can' think of nothing more likely to lead to a better under- . 
standing of the feelings, the sympathies, ■ and, what is not less 
important, the prejudices, of one country by another, than by the youths ‘ 
of those countries spending a part of their student life together- 
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Undergraduates as a rule do not wear a mask either of politeness or any 
other material, and have probably a better knowledge of each other’s 
opinions and points of view— in fact, know each other better than do 
people of riper age. To bring this communion of students about there 
must be co-operation between the universities throughout the Empire ; 
there must be recognition of each other’s examinations, residence, and 
degrees. Before this can be accomplished there must, as my friend 
Mr. E. B. Sargant pointed out in a lecture given at the McGill 
University, be co-operation and recognition between the universities 
in each part of the Empire. I do not mean for a moment that all 
universities in a country ' should be under one government. I am 
a strong believer in the individuality of universities, but I do not think this 
is in any way inconsistent with the policy of an open door from one 
university to every other in the Empire. 

It has usually been the practice of the President of this Association 
to give some account of the progress made in the last few years in the 
branch of science which he has the honour to represent. 

I propose this evening to follow that precedent and to attempt to 
give a very short account of some of the more recent developments of 
physics, and the new conceptions of physical processes to which they 
have led. 

The period which has elapsed since the Association last met in Canada 
has been one of almost unparalleled activity in many branches of physics, 
and many new and unsuspected properties of matter and electricity have 
been discovered. The history of this period affords a remarkable illustra- 
tion of the effect which may be produced by a single discovery ; for it is, I 
think, to the discovery of the Eontgen rays that we owe the rapidity of the 
progress which has recently been made in physics. A striking discovery 
like that of the Eontgen rays acts much like the discovery of gold in a 
sparsely populated country ; it attracts workers who come in the first place 
for the gold, but who may find that the country has other products, other 
charms, perhaps even more valuable than the gold itself. The country 
in which the gold was discovered in the case of the Eontgen rays was the 
department of physics dealing with the discharge of electricity through 
gases, a subject which, almost from the beginning of electrical science, 
had attracted a few enthusiastic workers, who felt convinced that the key 
to unlock the secret of electricity was to be found in a vacuum tube. 
Eontgen, in 1895, showed that when electricity passed through such a 
tube, the tube emitted rays which could pass through bodies opaque 
to ordinary light ; which could, for example, pass through the flesh of 
the body and throw a shadow of the bones on a suitable screen. The 
fascination of this discovery attracted many workers to the subject of 
the discharge of electricity through gases, and led to great improvements 
in the instruments used in this type of research. It is not, however, to 
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the power of probing dark places, important though this is, that the 
influence of Eontgen rays on the progress of science has mainly been due ; 
it is rather because these rays make gases, and, indeed, solids and liquids, 
through wliich they pass conductors of electricity. It is true that before 
the discovery of these rays other methods of making gases conductors 
were known, but none of these was so convenient for the purposes of 
accurate measurement. 

The study of gases exposed to Eontgen rays has revealed in such gases 
the presence of particles charged with electricity ; some of these particles 
are charged with positive, others with negative eleotricity. 

The properties of these particles have been investigated; we know 
the charge they carry, the speed with which they move under an electric 
force, the rate at which the oppositely charged ones recombine, and these 
investigations have thrown a new light, not only on electricity, but also 
on the structure of matter. 

We know from these investigations that electricity, like matter, is 
molecular in structure, that just as a quantity of hydrogen is a collection 
of an immense number of small particles called molecules, so a charge of 
electricity is made up of a great number of small charges, each of a 
perfectly definite and known amount. 

Helmholtz said in 1880 that in his opinion the evidence in favour of 
the molecular constitution of electricity was even stronger than that in 
favour of the molecular constitution of matter. How much sti'onger is 
that evidence now, when we have measured the charge on the unit and 
found it to be the same from whatever source the electricity is obtained. 
Nay, further, the molecular theory of matter is indebted to the molecular 
theory of electricity for the most accurate determination of its funda- 
mental quantity, the number of molecules in any given quantity of an 
elementary substance. 

The great advantage of the electrical methods for the study of the 
properties of matter is due to the fact that whenever a particle is electrified 
it is very easily identified, whereas an uncharged molecule is most elusive ; 
and it is only when these are present in immense numbers that we are 
able to detect them. A very simple calculation will illustrate the dif- 
ference in our power of detecting electrified and unelectrified molecules. 
The smallest quantity of unelectrified matter ever detected is probably 
that of neon, one of the inert gases of the atmosphere. Professor Strutt 
has shown that the amount of neon in of a cubic centimetre of the air 
at ordinary pressures can be detected by the spectroscope ; Sir William 
Eamsay estimates that the neon in the air only amounts to one part of 
neon in 100,000 parts of air, so that the neon in of a cubic centimetre of 
air would only occupy at atmospheric pressure a volume of half a 
millionth of a cubic centimetre. When stated in this form the quan- 
tity seems exceedingly small, but in this small volume there are about 
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ten million million molecules. Now the population of the earth is esti- 
mated at about fifteen hundred millions, so that the smallest number of 
molecules of neon we can identify is about 7,000 times the population of 
the earth. In other words, if we had no better test for the existence of a 
man than we have for that of an unelectrified molecule we should come 
to the conclusion that the earth is uninhabited. Contrast this with 
our power of detecting electrified molecules. We can by the electrical 
method, even better by the cloud method of C. T. E. Wilson, detect the 
presence of three or four charged particles in a cubic centimetre. 
Eutherford has shown that we can detect the presence of a single a 
particle. Now the particle is a charged atom of helium; if this atom 
had been uncharged we .should have required more than a million million 
of them, instead of one, before we should have been able to detect them. 

We may, I think, conclude, since electrified particles can be studied 
with so much greater ease than unelectrified ones, that we shall obtain 
a knowledge of the ultimate structure of electricity before we arrive at 
a corresponding degree of certainty with regard to the structure of 
matter. 

We have already made considerable progress in the task of discover- 
ing what the structure of electricity is. We have known for some 
-time that of one kind of electricity— the negative— and a very interesting 
one it is. We know that negative electricity is made up of units all 
of which are of the same kind; that these units are exceedingly small 
compared with even the smallest atom, for the mass of the unit is only 
ivijTJ mass of an atom of hydrogen; that its radius is only 

10 centimetre, and that these units, * corpuscles ’ as they have 
been called, can be obtained from all substances. The size of these 
corpuscles is on an altogether different scale from that of atoms; the 
volume of a corpuscle bears to that of the atom about the same relation 
as that of a speck of dust to the volume of this room. Under suitable 
conditions they move at enormous speeds which approach in some 
instances the velocity of light. 

The discovery of these corpuscles is an interesting example of the 
way Nature responds to the demands made upon her by mathematicians* 
Some years before the discovery of corpuscles it had been shown by 
a mathematical investigation that the mass of a body must be increased 
by a charge of electricity. This increase, however, is greater for small 
bodies than for large ones, and even bodies as small as atoms are hope- 
lessly too large to show any appreciable effect; thus the result seemed 
entiiely academic. After a time corpuscles were discovered, and these 
aie so much smaller than the atom that the increase in mass due to the 
charge becomes not merely appreciable, but so great that, as the 
experiments of Kaufmann and Bucherer have shown, the whole of the 
mass of the corpuscle arises from its charge. 
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We know a great deal about negative electricity ; what do \Ye know 
about positive electricity ? Is positive electricity molecular in structure ? 
Is it made up into units, each unit carrying a charge equal in magnitude 
though opposite in sign to that carried by a corpuscle ? Does, or does noty 
this unit differ, in size and physical properties, very widely from the 
corpuscle ? We know that by suitable processes we can get corpuscles 
out of any kind of matter, and that the corpuscles will be the same from 
whatever source they may be derived. Is a similar thing true for positive 
electricity? Can we get, for example, a positive unit from oxygen of 
the same kind as that we get from hydrogen? 

For my own part, I think the evidence is in favour of the view that 
we can, although the nature of the unit of positive electricity makes the 
proof much more difficult than for the negative unit. 

In the first place we find that the positive particles — ‘ canalstrahlen ’ 
is their technical name — discovered by our distinguished guest, Dr. Gold- 
stein, which are found when an electric discharge passes through a highly 
rarefied gas, are, when the pressure is very low, the same, whatever may 
have been the gas in the vessel to begin with. If we pump out the gas- 
until the pressure is too low to allow the discharge to pass, and then 
introduce a small quantity of gas and restart the discharge, the positive 
particles are the same whatever kind of gas may have been introduced. 

I have, for example, put into the exhausted vessel oxygen, 
argon, helium, the vapour of carbon tetrachloride, none of which contain 
hydrogen, and found the positive particles to be the same as when 
hydrogen was introduced. 

Some experiments made lately by Wellisch, in the Cavendish Labora- 
tory, strongly support the view that there is a definite unit of positive 
electricity independent of the gas from which it is derived ; these experi- 
ments were on the velocity with which positive partioles move through 
mixed gases. If we have a mixture of methyl-iodide and hydrogen 
exposed to Rontgen rays, the effect of the rays on the methyl-iodide 
is so much greater than on the hydrogen that, even when the mixture 
contains only a small percentage of methyl-iodide, practically all the 
electricity comes from this gas, and not from the hydrogen. 

Now if the positive particles were merely the residue left when a 
corpuscle had been abstracted from the methyl-iodide, these particles 
would have the dimensions of a molecule of methyl-iodide; this is very 
large and heavy, and would therefore move more slowly through the 
hydrogen molecules than the positive particles derived from hydrogen 
itself, which would, on this view, be of the size and weight of the light 
hydrogen molecules. Wellisch found that the velocities of both the 
positive and negative particles through the mixture were the same as 
the velocities through pure hydrogen, although in the one case the ions 
had originated from methyl-iodide and in the other from hydrogen; a 
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similar result was obtained when carbon tetrachloride, or mercury 
methyl, was used instead of methyl-iodide. These and similar results 
lead to the conclusion that the atom of the different chemical elements 
contain definite units of positive as well as of negative electricity, and 
that the positive electricity, like the negative, is molecular in structure. 

The investigations made on the unit of positive electricity show 
that it is of quite a different kind from the unit of negative, the 
mass of the negative unit is exceedingly small compared with any atom, 
the only positive units that up to the present have been detected are 
quite comparable in mass with the mass of an atom of hydrogen ; in fact 
they seem equal to it. This makes it more difhcult to be certain that 
the unit of positive electricity has been isolated, for we have to be on our 
guard against its being a much smaller body attached to the hydrogen 
.•atoms which happen to be present in the vessel. If the positive units 
..have a much greater mass than the negative ones, they ought not to 
'ibe so easily deflected by magnetic forces when moving at equal speeds ; 
■and in general the insensibility of the positive particles to the influence 
^of a magnet is very marked; though there are cases when the positive 
particles are much more readily deflected, and these have been interpreted 
, as proving the existence of positive units comparable in mass with the 
negative ones. I have found, however, that in these cases the positive 
■ particles are moving very slowly, and that the ease with which they are 
-./deflected is due to the smallness of the velocity and not to that of the 
miass. It should, however, be noted that M. Jean Becquerel has observed 
■'in the absorption spectra of some minerals, and Professor Wood in the 
•rotation of the plane of polarisation by sodium vapour, effects 
•which could be explained by the presence in the substances 
of positive units comparable in mass with corpuscles. This, 
however, is not the only explanation which can be given of these effects, 
and at present the smallest positive electrified particles of which we 
have direct experimental evidence have masses comparable with that 
of an atom of hydrogen. 

A knowledge of the mass and size of the two units of electricity, 
the positive and the negative, would give us the material for constructing 
what may be called a molecular theory of electricity, and would be a 
starting-point for a theory of the structure of matter; for the most 
natural view to take, as a provisional hypothesis, is that matter is just a 
collection of positive and negative units of electricity, and that the 
forces which hold atoms and molecules together, the properties which 
differentiate one kind of matter from another, all have their origin in 
the electrical forces exerted by positive and negative units of electricity, 
grouped together in different ways in the atoms of the different elements. 

As it would seem that the units of positive and negative electricity 
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are of very different sizes, we must regard matter as a mixture containing 
systems of very different types, one type corresponding to liie small cor- 
puscle, the other to the large positive unit. 

Since the energy associated with a given charge is greater the smaller 
the body on which the charge is concentrated, the energy stored up 
in' the negative corpuscles will be far greater than that stored up by 
the positive. The amount of energy w^hich is stored up in ordinary 
matter in the form of the electrostatic potential energy of its corpuscles 
is, I think, not generally realised. All substances give out corpuscles, 
so that w^e may assume that each atom of a substance contains at least 
one corpuscle. From, the size and the charge on the corpuscle, both of 
w'hich are known, w^e find that each corpuscle has 8 X 10-’ ergs of 
energy; this is on the supposition that the usual expressions for the 
energy of a charged body hold w'hen, as in the case of a corpuscle, 
the charge is reduced to one unit. Now in one gramme of hydrogen 
there are about 6 x 10^® atoms, so if there is only one corpuscle in each- 
atom the energy due to the corpuscles in a gramme of hydrogen would" 
be 48 X 10^® ergs, or 11 x 10^ calories. This is more than seven times- 
the heat developed by one gramme of radium, or than that developed by ■ 
the burning of five tons of coal. Thus w^e see that even ordinary matter ■ 
contains enormous stores of energy ; this energy is fortunately kept fast . 
bound by the corpuscles ; if at any time an appreciable fraction were ■ 
to get free the earth would explode and become a gaseous nebula. ■ ■ 

The matter of which I have been speaking so far is the material * 
which builds up the earth, the sun, and the stars, the matter studied 
by the chemist, and which lii'ean represent by a formula; this matter'* 
occupies, however, but an insignificant fraction of the universe, it form&*. 
but minute islands in the great ocean of the ether, the substance with- 
which the whole universe is filled. 

The ether is not a fantastic creation of the speculative philosopher 
it is as essential to us as the air we breathe. For we must remember 
that we on this earth are not living on our own resources; we are 
dependent from minute to minute upon what we are getting from the sun, 
and the gifts of the sun are conveyed to us by the ether. It is to the 
sun that we owe not merely night and day, springtime and harvest, but' 
it is the energy of the sun, stored up in coal, in waterfalls, in food, that- 
practically does all the work of the world. 

How great is the supply the sun lavishes upon us becomes clear 
when we consider that the heat received by the earth under a high 
sun and a clear sky is equivalent, according to the measurements of 
Langley, to about 7,000 horse-po\ver per acre. Though our engineers 
have not yet discovered how to utilise this enormous supply of power, 
they will, I have not the slightest doubt, ultimately succeed in doing so ; 
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and when coal is exhausted and our water-power inadequate, it may be 
that this is the source from which we shall derive the energy necessary 
for the world’s work. When that comes about, our centres of industrial 
activity may perhaps be transferred to the burning deserts of the 
Sahara, and the value of land determined by its suitability for the recep- 
tion of traps to catch sunbeams. • 

This energy, in the interval between its departure from the sun and 
its arrival at the earth, must be in the space between them. Thus this 
space must contain something wliich, like ordinary matter, can store up 
energy, which can carry at an enormous pace the energy associated 
with light and heat, and which can, in addition, exert the enormous 
stresses necessary to keep the earth circling round the sun and the 
moon round the earth. 

The study of this all-pervading substance is perhaps the most fas- 
cinating and important duty of the physicist. 

On the electromagnetic theory of light, now universally accepted, 
the energy streaming to the earth travels through the ether in electric 
waves ; thus practically the whole of the energy at our disposal has at 
one time or another been electrical energy. The ether must, then, be 
the seat of electrical and magnetic forces. We know, thanks to the 
genius of Clerk Maxwell, the founder and inspirer of modern electrical 
theory, the equations which express the relation between these forces, 
and although for some purposes , these are all we require, yet they do 
HQt tell us very much about the nature of the ether. 

The interest inspired by equations, too, in some minds is apt to be 
somewhat Platonic; and something more'^p'Dssly mechanical — a model, 
for example, is felt by many to be more suggestive and manageable, 
and for them a more powerful instrument of research, than a purely 
analytical theory. 

Is the ether dense or rare? Has it a structure? Is it at rest or 
in motion? are some of the question? which force themselves upon us. 

Let us consider some of the facts known about the ether. When 
light falls on a body and is absorbed by it, the body is pushed forward 
in the direction in which the light is travelling, and if the body is free 
to move it is set in motion by the light. Now it is a fundamental prin- 
ciple of dynamics that when a body is set moving in a certain direction, 
or, to use the language of dynamics, acquires momentum in that direc- 
tion, some other mass must lose the same amount of momentum; in 
other words, the amount of momentum in the universe is constant. Thus 
when the body is pushed forward by the light some other system must 
have lost the momentum the body acquires, and the only other system 
available is the wave of light falling on the body ; hence we conclude that 
there must have been momentum in the wave in the direction in which it 
is travelling. Momentum, however, implies mass in motion. We con- 



peesident’s addbess. 


15 


elude, then, that in the ether through \yliich the wave is moving there is 
mass moving with the velocity of light. The experiments made on the 
pressure due to light enable us to calculate this mass, and we find that in 
a cubic kilometre of ether carrying light as intense as sunlight is at the 
surface of the earth, the mass moving is only about one-fifty-milliontli of 
a milligramme. We must be careful not to confuse this with the mass of 
a cubic -kilometre of ether ; it is only the mass moved when the light passes 
through it ; the vast majority of the ether is left undisturbed by the fight. 
Now, on the electro-magnetic theory of light, a wave of light may 
be regarded as made up of groups of lines of electric force moving with the 
velocity of light ; and if we take this point of view we can prove that the 
mass of ether per cubic centimetre carried along is proportional to the 
energy possessed by these lines of electric force per cubic centimetre, 
divided by the square of the velocity of light. But though lines of electric 
force carry some of the ether along with them as they move, the amount 
so carried, even in the strongest electric fields we can produce, is but 
a minute fraction of the ether in their neighbourhood. 

This is proved by an experiment made by Sir Oliver Lodge in which 
light was made to travel through an electric field in rapid motion. If 
the electric field had carried the whole of the ether with it, the velocity 
of the light would have been increased by the velocity of the electric 
field. As a matter of fact no increase whatever could be detected, though 
it would have been registered if it had amounted to one-thousandth part 
of that of the field. 

The ether carried along by a wave of light must be an exceedingly 
small part of the volume through which the wave is spread. Parts of 
this volume are in motion, but by far the greater part is at rest ; thus 
in the wave front there cannot be uniformity, at some parts the ether 
is moving, at others it is at rest — in other words, the wave front must 
be more analogous to bright specks on a dark ground than to a uniformly 
illuminated surface. 

The place where the density of the ether carried along by an 
electric field rises to its highest value is close to a corpuscle, for 
round the corpuscles are by far the strongest electric fields of which we 
have any knowledge. We know the mass of the corpuscle, we know 
from Kaufmann’s experiments that this arises entirely from the electric 
charge, and is therefore due to the ether carried along with the corpuscle 
by the lines of force attached to it. 

A simple calculation shows that one-half of this mass is contained in 
a volume seven times that of a corpuscle. Sine'e we know the volume 
of the corpuscle as well as the mass, we can calculate the density of the 
ether attached to the corpuscle; doing so, we find it amounts to the 
prodigious value of about 5 x 10^“, or about 2,000 million times that 
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of lead. Sir Oliver Lodge, by somewhat different considerations, has 
arrived at a value of the same order of magnitude. 

• Thus around the corpuscle ether must have an extravagant density : 
whether, the density is as great as this in other places depends upon 
whether the ether is compressible or not. If it is compressible, then it 
may be condensed round the corpuscles, and there have an abnormally 
great density ; if it is not compressible, then the density in free space 
cannot be less than the number I have just mentioned. 

With respect to this point we must remember that the forces acting 
on the ether close to the corpuscle are prodigious. If the ether w^ere, for 
example, an ideal gas whose density increased in proportion to the 
pressure, however great the pressure might be, then if, when exposed, to 
the pressures which exist in some directions close to the corpuscle, it had 
the density stated above, its density under atmospheric pressure would 
only be about 8 x 10 or a cubic kilometre would have a mass less than 
a gramme; so that instead of being almost incomparably denser than 
lead, it would be almost incomparably rarer than the lightest gas. : 

I do not know at present of any effect which wmuld enable us to 
determine whether ether is compressible or not. And although at first 
sight the idea that we are immersed in a medium almost infinitely denser 
than lead might seem inconceivable, it is not so if we remember that 
in all probability matter is composed mainly of holes. ■ We may, 
in fact, regard matter as possessing a bird-cage kind of structure 
in which the volume of the ether disturbed by the wires when 
the structure is moved is infinitesimal in comparison with the volume 
enclosed by them. If we do thi», no difficulty arises from the great 
density of the ether ; all we have to do is to increase the distance between 
the wires in proportion as we increase the density of the ether. 

Let us now consider how much ether is carried along by ordinary 
matter, and what effects this might be expected to produce. 

The simplest electrical system we know, an electrified sphere, has 
attached to it a mass of ether proportional to its potential energy, and 
such that if the mass were to move with the velocity of light its kinetic 
energy would equal the electrostatic potential energy of the particle. 
This result can be extended to any electrified system, and it can be shown 
that such a system binds a mass of the ether proportional to its potential 
energy. Thus a part of the mass of any system is proportional to the 
potential energy of the system. 

The question now arises, Does this part of the mass add anything to 
the weight of the body? If the ether were not subject to gravitational 
attraction it certainly would not ; and even if the ether were ponderable, we 
might expect that as the mass is swimming in a sea of ether it would 
not increase the weight of the body to which it is attached. But if it does 
not, then a body with a large amount of potential energy may have an 



president’s address. 


17 


appreciable amount of its mass in a form whieii does not increase its 
weight, and thus the weight of a given mass of it may be less than that 
of an equal mass of some substance with a smaller amount of potential 
energy. Thus the weights of equal masses of these substances would be 
different. Now, experiments with pendulums, as Newton pointed out. 
enable us to determine with great accuracy the weights of equal masses 
of different substances. Newton himself made experiments of this kind, 
and found that the weights of equal masses were the same for all the 
materials he tried. Bessel, in 1830, made some experiments on this 
subject which are still the most accurate we possess, and he showed 
that the weights of equal masses of lead, silver, iron, brass did not 
differ by as much as one part in 60,000. 

The substances tried by Newton and Bessel did not, however, include 
any of those substances which possess the marvellous power of radio- 
activity; the discovery of these came much later, and is one of the most 
striking achievements of modern physics. 

These radio-active substances are constantly giving out large 
quantities of heat, presumably at the expense of their potential energy ; 
thus when these substances reach their final non-radio-active state their 
potential energy must be less than when they were radio-active. 
Professor Eutherford’s measurements show that the energy emitted by 
one gramme of radium in the course of its degradation to non-radio - 
active forms is equal to the kinetic energy of a mass of l-13th of a 
milligramme moving with the velocity of light. 

This energy, according to the rule I have stated, corresponds 
to a ma'ss of l-13th of a milligramme of the ether, and thus a 
gramme of radium in its radio-active state must have at least l-13th of 
a milligramme more of ether attached to it than when it has been degraded 
into the non-radio-act, ive forms. Thus if this ether does not increase the 
weight of the radium, the ratio of mass to weight for radium would be 
greater by about one part in 13,000 than for its non-radio-active products. 

I attempted several years ago to find the ratio of mass to weight for 
radium by swinging a little pendulum, the bob of which was made of 
radium. I had only a small quantity of radium, and was not, therefore, 
able to attain any great accuracy. I found that the difference, if any, 
in the ratio of the mass to weight between radium and other substances 
was not more than one part in 2,000. Lately we have been using at the 
Cavendish Laboratory a pendulum whose bob was filled with uranium 
oxide. "We have got good reasons for supposing that uranium is a parent 
of radium, so that the great potential energy and large ethereal mass 
possessed by the radium will be also in the uranium ; the experiments are 
not yet completed. • It is, perhaps, expecting almost too much to hope that 
the radio-active substances may add to the great services they have 
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already done to science by furnishing the first case in which there is some 
differentiation in the action of gravity. 

The mass of ether bound by any system is such that if it were to move 
with the velocity of light its kinetic energy would be equal to the potential 
energy of the system. This result suggests a new view of the nature 
of potential energy. Potential energy is usually regarded as essentially 
different from kinetic energy. Potential energy depends on the configura-, 
tion of the system, and can be calculated from it when we have the requisite 
data; kinetic energy, on the other hand, depends upon the velocity of the 
system. According to the principle of the conservation of energy the one 
form can be converted into the other at a fixed rate of exchange, so that 
when one unit of one kind disappears a unit of the other simultaneously 
appears. 

' Now in many cases this rule is all that we require to calculate the 
behaviour of the system, and the conception of potential energy is of the 
utmost value in making the knowledge derived from experiment and 
observation available for mathematical calculation. It must, however, 
I think, be admitted that from the purely philosophical point of view 
it is open to serious objection. It violates, for example, the principle 
of continuity. When a thing changes from a state A to a different state 
B, the principle of continuity requires that it must pass through a number 
of states intermediate between A and B, so that the transition is made 
gradually, and not abruptly. Now, when kinetic energy changes 
into potential, although there is no discontinuity in the quantity of the 
energy, there is in its quality, for we do not recognise any kind of energy 
intermediate between that due to the motion and that due to the position 
of the system, and some portions of energy are supposed to change 
per saltum from the kinetic to the potential form. In the case of the 
transition of “kinetic energy into heat energy in a gas, the discontinuity 
has disappeared with a fuller knowledge of what the heat energy in a 
gas is due to. When we were ignorant of the nature of this energy, 
the transition from kinetic into thermal energy seemed discontinuous ; 
but now we know that this energy is the kinetic energy of the molecules 
of which the gas is composed, so that there is no change in the type of 
energy when the kinetic energy of visible motion is transformed into 
the thermal energy of a gas — it is just the transference of kinetic energy 
from one body to another. 

If we regard potential energy as the kinetic energy of portions of the 
ether attached to the system, then all energy is kinetic energy, due to 
the motion of matter or of portions of ether attached to the matter. I 
showed, many years ago, in my ‘ Applications of Dynamics to Physics 
and Chemistry,’ that we could imitate the effects of the potential 
energy of a system by means of the kinetic energy of invisible systems 
connected in an appropriate manner wdth the main system, and that 
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the potential energy of the visible universe may in reality be the kinetic 
energy of an invisible one connected up with it. We naturally suppose 
that this invisible universe is the luminiferous ether, that portions of the 
ether in rapid motion are connected with the visible systems, and that 
their kinetic energy is the potential energy of the systems. 

We may thus regard the ether as a bank in which we may deposit 
energy and withdraw it- at our convenience. The mass of the ether 
attached to the system will change as the potential energy changes, and 
thus the mass of a system whose potential energy is changing cannot 
be constant; the fluctuations in mass under ordinaij conditions are, 
however, so small that they cannot be detected by any means at present 
at our disposal. Inasmuch as the various forms of potential energy are 
continually being changed into heat energy, which is the kinetic energy 
of the molecules of matter, there is a constant tendency for the mass of 
a system such as the eaith or the sun to diminish, and thus as time 
goes on for the mass of ether gripped by the material universe to become 
smaller and smaller; the rate at which it would diminish would, how- 
ever, get slower as time went on, and there is no reason to think that it 
would ever get below a yery large value. 

Eadiation of light and heat from an incandescent body like the sun 
involves a constant loss of mass by the body. Each unit of energy 
radiated carries off its quota of mass, but as the mass ejected from the 
sun per year is only one part in 20 billionths (1 in 2 x 10'^) of the mass 
of the sun, and as this diminution in mass is not necessarily accompanied 
by any decrease in its gravitational attraction, we cannot expect to be 
able to get any evidence of this effect. 

As our knowledge of the properties of light has progressed, we have 
been driven to recognise that the ether, when transmitting light, 
possesses properties which, before the introduction of the electro- 
magnetic theory, would have been thought to be peculiar to an emission 
theory of light and to be fatal to the theory that light consists of 
undulations. 

Take, for example, the pressure exerted by light. This wmuld follow 
as a matter of course if we supposed light to be small particles moving 
with great velocities, for these, if they struck against a body, would 
manifestly tend to push it forward, \vhile on the undulatory theory 
there seemed no reason why any effect of this kind should take place. 

Indeed, in 1792, this very point was regarded as a test between the 
theories, and Bennet made experiments to see whether or not he could 
find any traces of this pressure. We now know that the pressure is 
there, and if Bennet ’s instrument had been more sensitive he must have 
observed it. It is perhaps fortunate that Bennet had not at his com- 
mand more delicate apparatus. Had he discovered the pressure of 
light, it would have shaken confidence in the undulatory theoij and 
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checked that magnificent work at the beginning of the last century 
which so greatly increased our knowledge of optics. 

As another example, take the question of the distribution of energy 
in a wave of light. On the emission theory the energy in the light is the 
kinetic energy of the light particles. Thus the energy of light is made 
up of distinct units, the unit being the energy of one of the particles. 

The idea that the energy has a structure of this kind has lately 
received a good deal of support. Planck, in a very remarkable series of 
investigations on the Thermodynamics of Eadiation, pointed out that the 
expressions for the energy and entropy of radiant energy were of such 
a form as to suggest that the energy of radiation, like that of a gas on 
the molecular theory, was made up of distinct units, the magnitude of 
the unit depending on the colour of the light ; and on this assumption 
he was able to calculate the value of the unit, and from this deduce 
incidentally the value of Avogadro’s constant — the number of molecules 
in a cubic centimetre of gas at standard temperature and pressure. 

This result is most interesting and important because if it were a 
legitimate deduction from the Second Law of Thermodynamics, it would 
appear that only a particular type of mechanism for the vibrators wdiich 
give out light and the absorbers which absorb it could be in accordance 
with that law. 

If this were so, then, regarding the universe as a collection of machines 
all obeying the laws of dynamics, the Second Law of Thermodynamics 
would only be true for a particular kind of machine. 

There seems, however, grave objection to this view, which I may illus- 
trate by the case of the First Law of Thermodynamics, the principle of the 
Conservation of Energy. This must be true whatever be the nature of 
the machines which make up the universe, provided they obey the laws of 
dynamics, any application of the principle of the Conservation of Energy 
could not discriminate between one type of machine and another. 

Now, the Second Law of Thermodynamics, though not a dynamical 
principle in as strict a sense as the law^ of the Conservation of Energy, is 
one that we should expect to hold for a collection of a large number of 
machines of any type, provided that we could not directly affect the indi- 
vidual machines, but could only observe the average effects produced by 
an enormous number of them. On this view, the Second Law, as well as 
the First, should be incapable of 'saying that the machines were of any 
particular type: so that investigations founded on thermodynamics, 
though the expressions they lead to may suggest— cannot, I think, be 
regarded as proving— the unit structure of light energy. 

It would seem as if in the application of thermodynamics to radia- 
tion some additional assumption has been implicitly introduced, for these 
applications lead to definite relations between the energy of the light of 
any particular wave length and the temperature of the luminous body. 
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Now a possible way of accounting for the light emitted by hot bodies 
is to suppose that it arises from the collisions of corpuscles with the 
molecules of the hot body, but it is only for one particular law of force 
between the corpuscles and the molecules that the distribution of energy 
would be the same as that deduced by the Second Law of Thermo- 
dynamics, so that in this case, as in the other, the results obtained by the 
application of thermodynamics to radiation would require us to suppose 
that the Second Law of Thermodynamics is only true for radiation 
when the radiation is produced by mechanism of a special type. 

Quite apart, however, from considerations of thermodynamics, we 
should expect that the light from a luminous source should in many 
cases consist of parcels, possessing, at any rate to begin wuth, a definite 
amount of energy. Consider, for example, the case of a gas like sodium 
vapour, emitting light of a definite wave length ; w’e may imagine that 
this light, consisting of electrical waves, is emitted by systems resembling 
Leyden jars. The energy originally possessed by such a system will be 
the electrostatic energy of the charged jar. When the vibrations are 
started, this energy will be radiated away into space, the radiation 
forming a complex system, containing, if the jar has no electrical 
resistance, the energy stored up in the jar. 

The amount of this energy will depend on the size of the jar and the 
quantity of electricity with which it is charged. With regard to the 
charge, we must remember that we are dealing with systems formed 
out of single molecules, so that the charge will only consist of one or two 
natural units of electricity, or, at all events, some small multiple of that 
unit, while for geometrically similar Leyden jars the energy for a given 
charge will be proportional to the frequency of the vibration; thus, the 
energy in the bundle of radiation will be proportional to the frequency 
of the vibration. 

We may picture to ourselves the radiation as consisting of the lines 
of electric force which, before the vibrations were started, were held 
bound by the charges on the jar, and which, when the vibrations begin, 
are thrown into rhythmic undulations, liberated from the jar and travel 
through space with the velocity of light. 

Now let us suppose that this system strikes against an uncharged 
condenser and gives it a charge of electricity, the charge on the plates 
of the condenser must be at least one unit of electricity, because fractions 
of this charge do not exist, and eacH unit charge will anchor a unit 
tube of force, which must come from the parcel of radiation falling 
upon it. Thus a tube in the incident light will be anchored by the 
condenser, and the parcel formed by this tube will be anchored and 
withdrawn as a whole from the pencil of light incident on the con- 
denser. If the energy required to charge up the condenser with a 
unit of electricity is greater than the energy in the incident parcel, the 
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tube will not be anchored and the light will pass over the condenser and 
escape from it. These principles that radiation is made up of units, and 
that it requires a unit possessing a definite amount of energjr to excite 
radiation in a body on which it falls, perhaps receive their best illustra- 
tion in the remarkable laws governing Secondary Eontgen radiation, 
recently discovered by Professor Barkla. Professor Barkla has found 
that each of the different chemical elements, when exposed to Eontgen 
rays, emit a definite type of secondary radiation whatever may have 
been the type of primary, thus lead emits one type, copper another, 
and so no; but these radiations are not excited at all if the primary 
radiation is of a softer type than the specific radiation emitted by the 
substance; thus the secondary radiation from lead being harder than 
that from copper ; if copper is exposed to the secondary radiation from 
lead the copper will radiate, but lead will not radiate when exposed to 
copper. Thus, if we suppose that the energy in a unit of hard Eontgen 
rays is greater than that in one of soft, Barkla ’s results are strikingly 
analogous to those which would follow on the unit theory of light. 

Though we have, I think, strong reasons for thinking that the energy 
in the light waves of definite wave length is done up into bundles, and 
that these bundles, when emitted, all possess the same amount of energy, 
I do not think there is any reason for supposing that in any casual 
specimen of light of this wave length, which may subsequent to its 
emission have been many times refracted or reflected, the bundles possess 
any definite amount of energy. For consider what must happen when 
a bundle is incident on a surface such as glass, when part of it is 
reflected and part transmitted. The bundle is divided into two portions, 
in each of which the energy is less than the incident bundle, and since 
these portions diverge and may ultimately be many thousands of miles 
apart, it would seem meaningless to still regard them as forming one 
unit. Thus the energy in the bundles of light, after they have suffered 
partial reflection, will not be the same as in the bundles when they 
were emitted. The study of the dimensions of these bundles, for 
example, the angle they subtend at the luminous source, is an interesting 
subject for investigation; experiments on interference between rays of 
light emerging in different directions from the luminous source would 
probably throw light on this point. 

I now pass to a very brief consideration of one of the most important 
and interesting advances ever made in physics, and in which Canada, 
as the place of the labours of Professors Eutherford and Soddy, has 
taken a conspicuous part. I mean the discovery and investigation of 
radio-activity. Eadio-activity w^as brought to light by the Eontgen 
rays. One of the many remarkable properties of these rays is to excite 
phosphorescence in certain substances, including the salts of uranium, 
when they fall upon them. Since Eontgen rays produce phosphor- 
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escence, it occurred to Becquerel to try whether phosphorescence would 
produce Eontgen rays. He took some uranium salts which had been 
made to phosphoresce by exposure, not to Eontgen rays but to sunlight, 
tested them, and found that they gave out rays possessing properties 
similar to Eontgen rays. Further investigation showed, however, 
that to get these rays it was not necessary to make the uranium phos- 
phoresce, that the salts were just as active if they had been kept in the 
dark. It thus appeared that the property was due to the m.etal and not 
to the phosphorescence, and that uranium and its compounds possessed 
the power of giving out rays which, like Eontgen rays, affect a photo- 
graphic plate, make certain minerals phosphoresce, and make gases 
through which they pass conductors of electricity. 

Niepce de Saint-Victor had observed some years before this discovery 
that paper soaked in a solution of uranium nitrate affected a photo- 
graphic plate, but the observation excited but little interest. The 
ground had not then been prepared, by the discovery of the Eontgen 
rays, for its reception, and it withered and was soon forgotten. 

Shortly after Becquerel’s discovery of uranium, Schmidt found 
that thorium possessed similar properties. Then Monsieur and Madame 
Curie, after a most difficult and laborious investigation, discovered two 
new substances, radium and polonium, possessing this property to an 
enormously greater extent than either thorium or uranium, and this 
was followed by the discovery of actinium by Bebierne. Now the 
researches of Eutherford and others have led to the discover}" of so many 
new radio-active substances that any attempts at christening seems to 
have been abandoned, and they are denoted, like policemen, by the 
letters of the alphabet. 

Mr. Campbell has recently found that potassium, though far inferior 
in this respect to any of the substances I have named, emits an appre- 
ciable amount of radiation, the amount depending only on the quantity 
of potassium, and being the same whatever the source from which the 
potassium is obtained or whatever the elements with which it may be 
in combination. 

The radiation emitted by these substances is of three types known 
as a, /3 and y, rays. The a rays have been shown by Eutherford to 
be positively electrified atoms of helium, moving with speeds which 
reach up to about one-tenth of the velocity of light. The j3 rays are 
negatively electrified corpuscles, moving in some cases with very nearly 
the velocity of light itself, while the rays, are unelectrified, and are 
analogous to the Eontgen rays. 

The radio-activity of uranium was shown by Crookes to arise from 
something mixed with the uranium, and which differed sufficiently in 
properties from the uranium itself to enable it to be separated by 
chemical analysis. He took some uranium, and by chemical treat- 
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ment separated it into two portions, one of which was radio-active and 
the other not. 

Next Becquerel found that if these two portions were kept for 
several months, the part which was not radio-active to begin with 
regained radio-activity, while the part wliich was radio-active to begin 
with had lost its radio-activity. These effects and many others receive 
a complete explanation by the theory of radio-active change which we 
owe to Eutherford and Soddy. 

According to this theory, the radio-active elements are not permanent, 
but are gradually breaking up into elements of lower atomic weight; 
uranium, for example, is slowly breaking up, one of the products being 
radium, while radium breaks up into a radio-active gas called radium 
emanation, the emanation into another radio-active substance, and so on, 
and that the radiations are a kind of swan’s song emitted by the atoms 
when they pass from one form to another; that, for example, it is when 
a radium atom breaks up and an atom of the emanation appears that the 
;’ays which constitute the radio-activity are produced. 

Thus, on this view the atoms of the radio-active elements are not 
immortal, they perish after a life whose average value ranges from 
thousands of millions of years in the case of uranium to a second or so in 
the case of the gaseous emanation from actinium. 

When the atoms pass from one state to another they give out large 
stores of energy, thus their descendants do not inherit the whole of their 
wealth of stored-up energy, the estate becomes less and less wealthy with 
each generation; we find, in fact, that the politician, when he imposes 
death duties, is but imitating a process which has been going on for ages 
in the case of these radio-active substances. 

Many points of interest arise when we consider the rate at which the 
atoms of radio-active substance disappear. Eutherford has shown that 
w^hatever be the age of these atoms, the percentage of atoms which 
disappear in one second is always the same ; another way of putting it 
is that the expectation of life of an atom is independent of its age — 
that an atom of radium one thousand years old is just as likely to live 
for another thousand years as one just sprung into existence. 

Now this would be the case if the death of the atom were due to 
something from outside which struck old and young indiscriminately; 
in a battle, for example, the chance of being shot is the same for old and 
young ; so that we are inclined at first to look to something coming from 
outside as the cause why an atom of radium, for example, suddenly 
changes into an atom of the emanation. But here we are met with the 
difficulty that no changes in the external conditions that we have as yet 
been able to produce have had any efiect on the life of the atom ; as far 
as we know at present the life of a radium atom is the same at the tem- 
perature of a furnace as at that of liquid air — lit is not altered by sur- 



president’s address. 


rounding the radium by thick screens of lead or other dense materials 
to ward off radiation from outside, and what to my mind is especially 
significant, it is the same when the radium is in the most concentrated 
form, when its atoms are exposed to the vigorous bombardment from 
the rays given off by the neighbouring atoms, as when it is in the most 
dilute solution, when the rays are absorbed by the water which separates 
one atom from another. This last result seems to me to make it some- 
what improbable that we shall be able to split up the atoms of the non- 
radio-active elements by exposing them to the radiation from radium ; 
if this radiation is unable to affect the unstable radio-active atoms, it is 
somewhat unlikely that it will be able to affect the much more stable non- 
radio-active elements. 

The evidence we have at present is against a disturbance coming 
from outside breaking up of the radio-active atoms, and we must 
therefore look to some process of decay in the atom itself; but if 
this is the case, how are we to reconcile it with the fact that the expecta- 
tion of life of an atom does not diminish as the atom gets older ? \\e 
can do this if we suppose that the atoms when they are first produced 
have not all the same strength of constitution, that some are more 
robust than others, perhaps because they contain more intrinsic energy 
to begin with, and will therefore have a longer life. Now if when 
the atoms are first produced there are some which will live for one year, 
some for ten, some for a thousand, and so on; and if lives of all 
durations, from nothing to infinity, are present in such proportion that 
the number of atoms which will live longer than a certain number of 
years decrease in a constant proportion for each additional year of life, 
we can easily prove that the expectation of life of an atom will be the 
same whatever its age may be. On this view the different atoms 
of a radio-active substance are not, in all respects, identical. 

The energy developed by radio-active substances is exceedingly large, 
one gramme, of radium developing nearly as much energy as would be 
produced by burning a ton of coal. This energy is mainly in the a 
particles, the positively charged helium atoms which are emitted when the 
change in the atom takes place ; if this energy were produced by electrical 
forces it would indicate that the helium atom had moved through a poten- 
tial difference of about two million volts on its way out of the atom of 
radium. The source of this energy is a problem of the deepest interest ; if 
it arises from the repulsion of similarly electrified systems exerting forces 
varying inversely as the square of the distance, then to get the requisite 
amount of energy the systems, if their charges were comparable with 
the charge on the a particle, could not when they start be further apart 
than the radius of a corpuscle, 10-^^ cm. If we suppose that 
the particles dp not acquire this energy at the explosion, but that 
before they are shot out of the radium atom they move in circles 
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inside this atom with the speed with which they emerge, the forces 
required to prevent particles moving with, this velocity from flying oh 
at a tangent are so great that finite charges of electricity could only 
produce them at distances comparable with the radius of a corpuscle. 

One method by which the requisite amount of energy could be obtained 
is suggested by the view to which I have already alluded — ^that in the atom 
we have electrified systems of very different types, one small, the other 
large ; the radius of one type is comparable with 10“'' cm. , that of the 
other is about 100,000 times greater. The electrostatic potential energy in 
the smaller bodies is enormously greater than that in the larger ones ; if one 
of these small bodies were to explode and expand to the size of the 
larger ones, we should have a liberation of energy large enough to endow 
an a particle with the energy it possesses. Is it possible that the 
positive units of electricity were, to begin with, quite as small as the 
negative, but while in the course of ages most of these have passed from 
the smaller stage to the larger, there are some small ones still lingering 
in radio-active substances, and it is the explosion of these which liberates 
the energy set free during radio-active transformation ? 

The properties of radium have consequences of enomous import- 
ance to the geologist as well as to the physicist or chemist. In fact, the 
discovery of these properties has entirely altered the aspect of one of the 
most interesting geological problems, that of the age of the earth. Before 
the discovery of radium it was supposed that the supplies of heat 
furnished by chemical changes going on in the earth were quite insig- 
nificant, and that there was nothing to replace the heat which flows from 
the hot interior of the earth to the colder crust. Now when the earth 
first solidified it only possessed a certain amount of capital in the form 
of heat, and if it is continually spending this capital and not gaining 
any fresh heat it is evident that the process cannot have been going 
on for more than a certain number of years, otherwise the earth would 
be colder than it is. Lord Kelvin in this way estimated the age of 
the earth to be less than 100 million years. Though the quantity of 
radium in the earth is an exceedingly small fraction of the mass of 
the earth, only amounting, according to the determinations of Professors 
Strutt and Joly, to about five grammes in a cube whose side is 100 miles, 
yet the amount of heat given out by this small quantity of radium so' 
great that it is more than eonugh to replace the heat which flows from the 
inside to the outside of the earth. This, as Eutherford has pointed out, 
entirely vitiates the previous method of determining the age of the earth! 
The fact is that the radium gives out so much heat that we do not quite 
know what to do with it, for if there was as.much radinm'throughout the 
interior of the earth as there is in its crust, the temperature of the earth 
would increase much more rapidly than it does as we descend below the 
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earth's surface. Professor Strutt has shown that if radium behaves 
in the interior of the earth as it does at the surface, rocks similar to those 
in the earth’s crust cannot extend to a depth of more than forty-hve 
miles below the surface. 

It is remarkable that Professor Milne from the study of earthquake 
phenomena had previously come to the conclusion that rocks similar 
to those at the earth’s surface only descend a short distance below 
the surface; he estimates this distance at about thirty miles, and con- 
cludes that at a depth greater than this the earth is fairly homogeneous. 

Though the discovery of radio-activity has taken away one method 
of calculating the age of the earth it has supplied another. 

The gas helium is given out by radio-active bodies, and since,, 
except in beryls, it is not found in minerals which do not -con- 
tain radio-active elements, it is probable that all the helium in these* 
minerals has come from these elements. In the case of a mineral con- 
taining uranium, the parent of radium in radio-active equilibrium, with 
radium and its products, helium will be produced at a definite rate. 
Hehum, however, unlike the radio-active elements, is permanent and' 
accumulates in the mineral ; hence if vre measure the amount of helium in: 
a sample of rock and the amount produced by the sample in one year we 
can find the length of time the helium has been accumulating, and hence- 
the age of the rock. This method, which is due to Professor Strutt, may 
lead to determinations not merely of the average age of the crust of the- 
earth, but of the ages of particular rocks and the date at which the various: 
strata were deposited ; he has, for example, shown in this way that a speci- 
men of the mineral thorianite must be more than 240 million years old. 

The physiological and medical properties of the rays emitted by- 
radium is a field of research in which enough has already been done tO“ 
justify the hope that it may lead to considerable alleviation of human: 
sufiering. It seems quite definitely established that for some diseases, 
notably rodent ulcer, treatment with these rays has produced remarkable- 
cures; it is imperative, lest we should be passing over a means of saving- 
life and health, that the subject should be investigated in a much more- 
systematic and extensive manner than there has yet been either time- 
or material for. Eadium is, however, so costly that few hospitals could', 
afford to undertake pioneering work of this kind; fortunately, however, 
through the generosity of Sir Ernest Cassel and Lord Iveagh a Eadium 
Institute, under the patronage of his Majesty the King, has been founded’ 
in London for the study of the medical properties of radium, and for the 
treatment of patients suffering from diseases for which radium is bene- 
ficial. 

The new discoveries made in physics in the last few years, and the 
ideas and potentialities suggested by them, have had an eSect upon the^ 
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workers in that subject akin to that produced in literature by the Eenais- 
sance. Enthusiasm has been quickened, and there is a hopeful, youth- 
ful, perhaps exuberant, spirit abroad which leads men to make with con- 
fidence experiments which would have been thought fantastic twenty 
years ago. It has quite dispelled the pessimistic feeling, not uncommon 
at that time, that all the interesting things had been discovered, and all 
that was left was to alter a decimal or two in some physical constant. 
There never was any justification for this feeling, there never were any 
signs of an approach to finality in science. The sum of knowledge is 
at present, at any rate, a diverging not a converging series. As we 
conquer peak after peak we see in front of us regions full of interest and 
beauty, but we do not see our goal, we do not see the horizon ; in the 
distance tower still higher peaks, which will yield to those who ascend 
them still wider prospects, and deepen the feeling, whose truth is empha- 
sised by every advance in science, that ‘ Great are the Works of the Lord.’ 
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It is a groat privilege and pleasure to address the members of this Section 
on the occasion of the visit of the British Association to a country with 
which I have had such a long and pleasant connection. I feel myself in 
the presence of old friends, for the greater part of what may he called my 
scientifio life has been spent in C'anada, and I owe much to this country 
for the unusual facilities and opportunity for research so liberally pro- 
vided by one of her great Universities. Canada may well regard with 
pride her Universities, which have made such liberal provision for teaching 
and research in pure and applied science. As a physicist, I may be 
allowed to refer in particular to the subject with which I am most inti- 
mately connected. After seeing the splendid home for physical science 
recently erected by the University of Toronto, and the older but no less 
serviceable and admirably equipped laboratories of AIcGill University, one 
cannot but feel that Canada has recognised in a striking manner the 
great value attaching to teaching and research in physical science. In 
this, as in other branches of knowledge, Canada has made notable con- 
tributions in the past, and we may confidently anticipate that this is but 
an earnest of what will be accomplished in the future. 

It is my intention to-day to say a few words upon the present position 
of the atomic theory in physical science, and to discuss briefly the various 
methods that have been devised to determine the values of certain funda- 
mental atomic magnitudes- The present time seems very opportune for 
this purpose, for the rapid advance of physics during the last decade has 
not only given us a much clearer conception of the relation between elec- 
tricity and matter and of the constitution of the atom, but has provided 
us with experimental methods of attack undreamt of a few years ago. At 
a time when, in the vision of the physicist, the atmosphere is dim with 
flying fragments of atoms, it may not be out of place to see how it has fared 
with the atoms themselves, and to look carefully at the atomic foundations 
on which the great superstructure of modern science has been raised. 
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Every physicist and chemist cannot but be aware of the great part the 
atomic hypothesis plays in science to-day. The idea that matter consists 
of a great number of small discrete particles forms practically the basis 
of the explanation of all properties of matter. As an indication of the 
importance of this theory in the advance of science it is of interest to read 
over the Reports of this Association and to note how many addresses, either 
wholly or in part, have been devoted to a consideration of this subject. 
Amongst numerous examples I may instance the famous and oft-quoted 
lecture of Maxwell on Molecules, at Bradford in 1873; the discussion of 
the Kinetic Theory of Gases by Lord Kelvin, then Sir William Thomson, 
in Montreal in 1884 ; and the Presidential Address of Sir Arthur Rucker 
in 1901, which will be recalled by many here to-day. 

It is far from my intention to discuss, except with extreme brevity, the 
gradual rise and development of the atomic theory. From the point of 
view of modern science, the atomic theory dates from the work of Dalton 
about 1805, who put it forward as an explanation of the combination of 
elements in definite proportions. The simplicity of this explanation of 
the facts of chemistry led to the rapid adoption of the atomic theory as a 
very convenient and valuable working hypothesis. By the labour of the 
chemists matter was shown to be composed of a number of elementary 
substances which could not be further decomposed by laboratory agencies, 
and the relative weights of the atoms of the elements were determined. 
On the physical side, the mathematical development of the kinetic or 
dynamical theory of gases by the labours of Clansins and Clerk Maxwell 
enormously extended the utility of this conception. It was shown that the 
properties of gases could be satisfactorily explained on the assumption that 
a gas consisted of a great assemblage of minute particles or molecules in 
continuous agitation, colliding with each other and with tbe walls of the 
containing vessel. Between encounters the molecules travelled in straight 
lines, and the free path of the molecules between collisions was supposed to 
be large compared with the linear dimensions of the molecules themselves. 
One cannot but regard with admiration the remarkable success of this 
statistical theory in explaining the general properties of gases and even 
predicting unexpected relations. The strength and at the same time the 
limitations of the theory lie in the fact that it does not involve any definite 
conception of the nature of the molecules themselves or of the forces acting 
between them. The molecule, for example, may be considered as a perfectly 
elastic sphere or a Boscovitch centre of force, as Lord Kelvin preferred to 
regard it, and yet on suitable assumptions the gas would show the same 
general statistical properties. We are consequently unable, without the 
aid of special subsidiary hypotheses, to draw conclusions of value in regard 
to the nature of the molecules themselves. 

Towards the close of the last century the ideas of the atomic tlieory had 
impregnated a very large part of the domain of physics and cliemistry. 
The conception of atoms became more and more concrete. The atom in 
imagination was endowed with size and shape, and unconsciously in many 
cases with colour. The simplicity and utility of atomic conceptions in 
explaining the most diverse phenomena of physics and chemistry naturally 
tended to enhance the importance of the theory in the eyes of the scientific 
worker. There was a tendency to regard the atomic theory as one of the 
established facts of nature, and not as a useful working hypothesis for 
which it was exceedingly difficult to obtain direct and convincing evidence. 
There were not wanting scientific men and philosophers to point out the 
uncertain foundations of the theory on which so much depended. Granting 
how useful molecular ideas were for the explanation of experimental facts, 
w-hat evidence was there that the atoms were realities and not the figments 
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of the imagination ? It must be confessed that this lack of diivct evidence 
did not in any way detract from the strength of the belief of the great 
majority of scientific men in the discreteness of matter. It was" not 
unnatural, however, that there should be a reaction in some quarters against 
the domination of the atomic theory in physics and in chemistry. A school 
of thought arose that -wished to do away with the atomic theory as the 
basis of explanation of chemistry, and substitute as its equivalent the law 
of combination in definite proportions. This movement was assisted by the 
possibility of explaining many chemical ^ facts on the basis of thermo- 
dynamics without the aid of any hypothesis as to the particular structure 
of matter. Everyone recognises the great importance of such general 
methods of explanation, but the trouble is that few can think, or at any 
rate think correctly, in terms of thermo-dynamics. The negation of the 
atomic theory has not, and does not, help us to make new discoveries. The 
great advantage of the atomic theory is that it provides, so to speak, a 
tangible and concrete idea of matter which serves at once for the explanation 
of a^multitude of facts and is of enormous aid as a working hypothesis. For 
the great majority of scientists it is not sufficient to group together a number 
of facts on general abstract principles. What is wanted is a concrete idea, 
however crude it may be, of the mechanism of the phenomena. This may 
be a weakness of the scientific mind, but it is one that deserves our sympa- 
thetic consideration. It represents an attitude of mind that appeals, I 
think, very strongly to the Anglo-Saxon temperament. It has no doubt 
as its basis the underlying idea that the facts of nature are ultimately 
explicable on general dynamical principles, and that there must conse- 
quently be some type of mechanism capable of accounting for the observed 


It has been generally considered that a decisive proof of the atomic 
structure of matter was in the nature of things impossible, and that the 
atomic theory must of necessity remain an hypothesis unverifiable by 
direct methods. Recent investigations have, however, disclosed such new 
and powerful methods of attack that we may well ask the question whether 
we do not now possess more decisive evidence of its truth. 

Since molecules are invisible, it might appear, for example, an 
impossible hope that an experiment could be devised to show that the mole- 
cules of a fluid are in that state of continuous agitation which the kinetic 
theory leads us to suppose. In this connection I should like to draw your 
attention for a short time to a most striking phenomenon known as the 
‘ Brownian movement,’ which has been closely studied in recent years. 
Quite apart from its probable explanation the lohenomenon is of unusual 
Interest In 1827 the English botanist Brown observed by means of a 
microscope that minute particles like spores of plants introduced into a 
fluid were always in a state of continuous irregular aptation, dancing to 
and fro in all directions at considerable speeds. For a long tune this effect, 
known as the Brownian movement, was ascribed to inequalities in the 
temperature of the solution. This was disproved by of subse- 

quent investigations, and especially by those of Goiiy, who showed that the 
movement was spontaneous and continuous and was exhibited byery small 
particles of whatever kind when immersed in a fluid medium. Thejelocity 
of agitation increased with decrease of diameter of the _ particles and 
increased with temperature, and was dependent on the viscosity of the 
surrounding fluid. With the advent of the ultramiicroscope it has_ been 
possible to follow the movements with more ^certainty and to experiment 
S much smaller particles. Exner and Zsigmondy have determined the 
mean velocity of particles of known diameter in various solutions, while 
Svedberg has devised an ingenious method of deteimmmg the mean fiee 
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path and the average velocity of particles of different diameter. The 
experiments of Ehrenhaft in 1907 showed that the Brownian movement 
was not confined to liquids, but was exhibited far more markedly by small 
particles suspended in gases. By passing an arc discharge between silver 
poles he produced a fine dust of silver in the air. When examined by 
means of the ultra-microscope the suspended particles exhibited the charac- 
tei’istic Brownian movement, with the difference that the mean free path 
for particles of the same size was much greater in gases than in liquids. 

The particles exhibit in general the character of the motion which the 
kinetic theory ascribes to the molecules themselves, although even the 
smallest particles examined have a mass which is undoubtedly very large 
compared with that of the molecule. The character of the Brownian 
movement irresistibly impresses the observer with the idea that the par- 
ticles are hurled hither and thither by the action of forces resident in the 
solution, and that these can only arise from the continuous and ceaseless 
movement of the invisible molecules of which the fluid is composed. 
Smoluchowski and Einstein have suggested explanations wliich are based on 
the kinetic theory, and there is a fair agreemeiit between calculation 
and experiment. Strong additional confirmation of this view has 
been supplied by the very recent experiments of Perrin (1909). He 
obtained an emulsion of gamboge in water which consisted of a great 
number of spherical particles nearly of the same size, wdiich showed the 
characteristic Brownian movement. The particles settled under gravity 
and when equilibrium was set up the distribution of these particles in 
layers at different heights was determined by counting the particles with a 
microscope. The number was found to diminish from the bottom of the 
vessel upwards according to an exponential law — be., according to the same 
law as the pressure of the atmosphere diminishes from the surface of the 
earth. In this case, however, on account of the great mass of the particles, 
their distribution was confined to a region only a fraction of a millimetre 
deep. In a particular experiment the number of particles per unit volnme 
decreased to half in a distance of 0*038 millimetre, while the corresponding 
distance in our atmosphere is about 6000 metres. From ineasnremonts of 
the diameter and weight of each particle, Perrin found that, within the 
limit of experimental error, the law of distribution with height indicated 
that each small particle had the same average kinetic energy "of movement 
as the molecules of the solutions in which they were suspendc^l ; in fact, the 
particles in suspension behaved in all respects like molecules of very high 
molecular weight. This is a very important result, for it indicates that 
the law of equipartition of energy among molecules of different masses, 
which is an important deduction from the kinetic theory, holds, at any 
rate very approximately, for a distribution of particles in' a medium whose 
masses and dimensions are exceedingly large compared with that of the 
molecules of the medium. Whatever may prove to be the exact explana- 
tion of this phenomenon, there can be little doubt that it results from the 
movement of the molecules of the solution and is thus a striking if some- 
what indirect proof of the general correctness of the kinetic Iheory of 
matter. 

From recent work in radioactivity we may take a second illustration 
which is novel and far more direct. It is well known that the a rays of 
radium are deflected by both magnetic and electric fields. It may be 
concluded from this evidence that the radiation is corpuscular in character, 
consisting of a stream of positively charged particles projected from the 
radium at a very high velocity. From the measurements of the deflection 
of the rays in passing through magnetic and electric fields the ratio ehn 
of the charge carried by the particle to its mass has been determined, and 
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the magnitude of this quantity indkates that the ijartirle i- ui atomic 
dimensions. 

Rutherford and (Jeiger have recently developed a direct luetiind 
showing that this radiation is, as the other evidence indicated, discon- 
tinuous, and that it is possible to detect by a special electric method the 
passage of a single a particle into a suitable detecting vessel. The entrance 
of an a particle through a small uxDening was marked by a sudden move- 
ment of the needle of the electrometer which was used as a measuriiig 
instrument. In this way, by counting the number of separate impulses 
communicated to the electrometer needle, it was |3ossible to determine by 
direct counting the number of a particles expelled per second from one gram 
of radium. But we can go further and confirm the result by counting the 
number of a particles by an entirely distinct method. Sir 'William Crookes 
has shown that when the a rays are allowed to fall upon a screen of phos- 
phorescent zinc sulpiride, a number of brilliant scintillations are observed. 
It apx^ears as if the impact of each a particle produced a visible flash of 
liglit where it struck the screen. Using suitable screens the number of 
scintillations jrer second on a given area can be counted by means of a 
microscope. It has been shown that the number of scintillations deter- 
mined in this way is equal to the number of impinging a particle.s when 
counted by the electric method. This show’s that the impact of each a par- 
ticle on the zinc sulphide produces a visible scintillation. There are thus 
two distinct methods — one electrical, the other optical — for detecting the 
emission of a single a X3article from radium. The next question to con- 
sider is the nature of the a particle itself. The general evidence indicates 
that the a XDarticle is a charged atom of helium, and this conclusion was 
decisively verified by Rutherford and Royds by showing that helium 
appeared in an exhausted space into w’hicli tlie a f>articles w'ere fired. 
The helium, which is produced by radium, is due to tlie accumulated 
a .particles which are so continuously expelled from it. If the rate of 
production of helium from radium is measured, we thus have a means of 
determining directly how^ many a particles are required to form a given 
volume of helium gas. This rate of production has recently been measured 
accurately by Sir James Dewar. He has informed me that his 

final measurements show that one gram of radium in radioactive 
equilibrium produces 0*46 cubic millimetres of lieliuin per day, 
or 5‘32xl0 cubic millimetres joer second. Row from the direct counting 
exiDejiments it is known that 13’6xl0^*^ a particles are shot out x^er second 
from one gram of radium in equilibrium. Consequently it requires 2*56 x 10 
a x^articles to form one cubic centimetre of helium gas at standard pressure 
and temperature. 

From other lines of evidence it is known that all the a particles from 
whatever source are identical in mass and constitution. It is not then 
unreasonable to suppose that the a x^article, which exists as a sex^arate 
entity in its flight, can exist also as a separate entity when the a particles 
are collected together to form a measurable volume of helium gas, or, in 
other words, that the a particle on losing its charge becomes the fundamental 
unit or atom of helium. In the case of a monatomic gas like helium, wdiere 
the atom and molecule are believed to be identical, no difficulty of deduction 
arises from the possible combination of two or more atoms to form a complex 
molecule. 

We consequently conclude from these experiments that one cubic centi- 
metre of helium at standard xjressure and tenix^erature contains 2*56x10^® 
atoms. Knowing the density of helium, it at once follows that each atom 
of helium has a mass of grams, and that the average distance 

apart of the molecules in the gaseous state at standard pressure and 
temperature is 3*4 x 10“"'^ centimetres. 



6 


TKANSACTIONS OF SECTION A. 


The above result can be coiifirmed in a different way. It is known that 
the value of e/m for the a particle is 5,070 electromagnetic units. The 
positive charge carried by each a particle has been deduced by measuring 
the total charge carried by a counted number of a particles. Its value is 
9-3x10-^® electrostatic units, or 3*1X10“^°^ electromagnetic units. Sub- 
stituting this number in the value of e/m, it is seen that m, the mass of the 
o particle, is equal to 6*1x10 grams— a value in fair agreement with the 
number previously given. 

I trust that my judgment is not prejudiced by the fact that I have taken 
some share in these investigations ; but the experiments, taken as a whole, 
appear to me to give an almost direct and convincing proof of the atomic 
hypothesis of matter. By direct counting, the number of identical entities 
required to form a known volume of gas has been measured. May we not 
conclude that the gas is discrete in structure, and that this number repre- 
sents the actual number of atoms in the gas ? 

We have seen that under special conditions it is possible to detect easily 
by an electrical method the emission of a single a particle — i.c., of a single 
charged atom of matter. This has been rendered possible by the great 
velocity and energy of the expelled a particle, which confers on it the power 
of dissociating or ionising the gas through which it passes. It is obviously 
only possible to detect the presence of a single atom of matter when it is 
endowed with some special property or properties which distinguishes it from 
the molecules of the gas with which it is surrounded. There is a very 
important and. striking method, for example, of visibly differentiating 
between the ordinary molecules of a gas and the ions produced in the gas 
by various agencies. C. T. E. Wilson showed in 1897 that under certain 
conditions each charged ion became a centre of condensation of water 
vapour, so that the presence of each ion was rendered visible to the eye. 
Sir Joseph Thomson, H. A. Wilson, and others have empl(.)yed this method 
to count the number of ions present and to determine the magnitude of 
the electric charge carried by each. 

A few examples will now be given which illustrate the older methods of 
estimating the mass and dimensions of molecules. As soon as the idea of 
the discrete structure of matter had taken firm hold, it was natural that 
attempts should be made to estimate the degree of coarse-grainedness of 
matter, and to form an idea of the dimension of molecules, assuming that 
they have extension in space. Lord Eayleigh has drawn attention to the 
fact that the earliest estimate of this kind was made by Thomas Young in 
1805, from considerations of the theory of capillarity. Space does not 
allow me to consider the great variety of methods that have later been 
employed to form an idea of the thickness of a film of matter in which a 
molecular structure is discernible. This phase of the subject was always 
a favourite one with Lord Kelvin, who developed a number of important 
methods of estimating the probable dimensions of molecular structure. 

The development of the kinetic theory of gases on a mathematical basis 
at once suggested methods of estimating the number of molecules in a cubic 
centimetre of any gas at normal pressure and temperature. This number, 
wliicli will throughout be denoted by the symbol N, is a fundamental con- 
stant of gases ; for, according to the hypothesis of Avogadro, and also on 
the kinetic theory, all gases at normal pressure and temperature have an 
identical number of molecules in unit volume. Knowing the value of N, 
approximate estimates can be made of the diameter of the molecule ; but 
in our ignorance of the constitution of the molecule, the meaning of the 
term diameter is somewhat indefinite. It is usually considered to 
refer to the diameter of the sphere of action of the forces surrounding the 
molecule. This diameter is not necessarily the same for the molecules of all 
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gases, so that it is preferable to consider the inagiiitude ui tlie lundainentai 
constant N. The earliest estimates based on the kinetic theory were made 
by Loschmidt, Johnstone Stoney, and Alaxwell. From the data then at 
his disposal, the latter found N to be 1'9 X 1C"®. IMeyer, in liis ' Kinetic 
Theory of Gases,’ discusses the various methods of estimating the dimen- 
sions of molecules on the theory, and concludes that the most probable 
estimate of N is 6*1 X 10'®. Estimates of N based on the kinetic theory 
are only approximate, and in many cases serve merely to fix an inferior 
or superior limit to the number of the molecules. Such estimates are, how- 
ever, of considerable interest and historical importance, since for a long time 
they served as the most reliable methods of forming an idea of molecular 
magnitudes. 

A very interesting and impressive method of determining the value of 
N was given by Lord Eayleigh in 1899 as a deduction from his 
theory of the blue colour in the cloudless sky. This theory supposes that 
the molecules of the air scatter the waves of light incident upon them. 
This scattering for particles, small compared with the wave length of light, is 
proportional to the fourth power of the wave length, so that the proportion of 
scattered to incident light is much greater for the violet than for the red 
end of the spectrum, and consequently the sky. which is viewed by the 
scattered light is of a deep blue colour. This scattering of the light in 
passing through the atmosphere causes alterations of brightness of stars 
when viewed at different altitudes, and determinations of this loss of 
brightness have been made experimentally. Knowing this value, the 
number N of molecules in unit volume can be deduced by aid of the theory. 
From the data thus available. Lord Rayleigh concluded that the value of K 
was not less than 7 x 10 'h Lord Kelvin in 1902 recalculated the value 
of N on the theory by using more recent and more accurate data, and found 
t to be 2'47XlO^®. Since in the simple theory no account is taken of 
the additional scattering due to fine suspended particles which are un- 
doubtedly present in the atmosphere, this method only serves to fix an inferior 
limit to the value of K. It is difficult to estimate with accuracy the correc- 
tion to be applied for this effect, but it will be seen that the uiicorrected 
number deduced by Lord Kelvin is not much smaller than the most probable 
value 2-77X10’® given later. Assuming the correctness of the theory 
and data employed, this would indicate that the scattering due to suspended 
particles in the atmosphere is only a small portion of the total scattering 
due to molecules of air. This is an interesting example of how an accurate 
knowledge of the value of N may possibly assist in forming an estimate 
of unknown magnitudes. 

It is now necessary to consider some of the more recent and direct 
methods of estimating N which are based' on recent additions to our scientific 
knowledge. The newer methods allow us to fix the value of N with much 
more certainty and precision than was possible a few years ago. 

We have referred earlier in the paper to the investigations of Perrin on 
the law of distribution in a fluid of a great number of minute granules, and 
his proof that the granules behave like molecules of high molecular weight. 
The value of N can be deduced at once from the experimental results, and 
is found to be 3*14X10’®, The method developed by Perrin is a very novel 
and ingenious one, and is of great importance in throwing light on the law 
of equipartition of energy. This new method of attack of fundamental 
problems will no doubt be much further developed in the future. 

It has already been shown that the value N=2-56xl0‘“ has been 
obtained by the direct method of counting the particles and determining 
the corresponding volume of helium produced. Another very simple method 
of determining N from radioactive data is based on the rate of traiisforma- 
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tioii of radium, Boltwood has shown by direct experiment that radium is 
half transformed in 2,000 years. From this it follows that initially in a 
gram of radium ‘346 milligram breaks up per year. Now it is known from 
the counting method that S'dXlO^o ^ particles are expelled per second from 
oire gram of radium, and the evidence indicates that one a particle accom- 
panies the disintegration of each atom. Consequently the number of a 
particles expelled per year is a measure of the number of atoms 
of radium present in '346 milligram. From this it follows that there are 
3'lXlO^' atoms in one gram of radium, and taking the atomic weight of 
radium as 225, it is simply deduced that the value of N is 3*1X10^^ 

The study of the properties of ionised gases in recent years has led to the 
development of a number of important methods of determining the 
charge carried by the ion, produced in gases by a rays or the rays from 
radioactive substances. On modern views, electricity, like matter, is sup- 
posed to be discrete in structure, and the charge carried by the hydrogen 
atom set free by the electrolysis of water is taken as the fundamental unit 
of quantity of electricity. On this view, which is supported by strong 
evidence, the charge carried by the hydrogen atom is the smallest unit 
of electricity that can be obtained, and every quantity of electricity consists 
of an integral multiple of this unit. The experiments of Townsend have 
shown that the charge carried by a gaseous ion is, in the majority of cases, 
the same and equal in magnitude to the charge carried by a hydrogen atom 
in the electrolysis of water. From measurement of the quantity of elec- 
tricity required to set free one gram of hydrogen in electrolysis, it can be 
deduced that Ne = l' 29X10^® electrostatic units where N, as before, is the 
number of molecules of hydrogen in one cubic centimetre of gas, and e the 
charge carried by each ion. If e be determined experimentally, the value of 
N can at once be deduced from this relation. 

The first direct measurement of the charge carried by the ion was made 
by Townsend in 1897. When a solution of sulphuric acid is electrolysed, 
the liberated oxygen is found in a moist atmosphere to give rise to a dense 
cloud composed of minute globules of water. Each of these minute drops 
carries a negative charge of electricity. The size of the globules, and con- 
sequently the weight, was deduced with the aid of Stokes’ formula by ob- 
serving the rate of fall of the cloud under gravity. The weight of the cloud 
was measured, and, knowing the weight of each globule, the total number 
of drops present was determined. Since the total charge carried by the 
cloud was measured, the charge e carried by each drop was deduced. The 
value of e, the charge carried by each drop, was found by this method to be 
about 3* Ox electrostatic units. The corresponding value of N is about 
4'3xl0^k 

We have already referred to the method discovered by C. T. IT Wilson 
of rendering each, ion visible by the condensation of water upon it by a 
sudden expansion of the gas. The property was utilised by Sir Joseph 
Thomson to measure the charge e carried by each ion. When the expan- 
sion of the gas exceeds a certain value, the water condenses on both the 
negative and positive ions, and a dense cloud of small water drops is seen. 
J. J. Thomson found e = 3'4Xl0--i‘^, H. A. Wilson e=3TxlO"^^ and Milli- 
kan and Begeman 4*06 x 10 The corresponding values of N are 3’8, 
4‘2, and 3'2xl0^^ respectively. This method is of great interest and im- 
portance, as it provides a method of directly counting the number of ions 
produced in the gas. An exact determiiiation of e by this method is, how- 
ever, unfortunately beset with great experimental difficulties. 

Moreau has recently measured the charge carried by the negative ions 
produced in flames. The values deduced for e and N were respectively 
4-3^10-^“ and 3‘OXlO” 
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We have referred earlier in the paper to the work of Eluvnliaft on the 
Brownian movement in air shown by ultra-microscopic dust oi silver. In 
a recent paper (1909) he has shown that each of these particles carries a 
positive or negative charge. The size of each particle was measured by the 
ultra-microscope, and also by the rate of fall under gravity. The charge 
carried by each particle was deduced from the measured mass of the 
particle^ and its rate of movement in an electric held. The mean value of 
e was found to be 4*6 and thus N loecomes 2'74xl0^®. 

A third important method of determination of X frtjm radioactive data 
was given by Rutherford and Geiger in 1908. The charge carried by each 
a particle exjDelled from radium was measured by directly determining the 
total charge carried by a counted number of a particles. The value of the 
charge on each a particle was found to be 9*3 xlG"^® From consideration of 
the general evidence, it was concluded that each a particle carries two unit 
positive charges, so that the value of e becomes 4'65XlO'^®, and of N 
2*77x10^^. This method is deserving of considerable confidence as the 
measurements involved are clii'ect and capable of accuracy. 

The methods of determination of e, so far explained, have depended on 
direct experiment. This discussion wonld not be complete without a refer- 
ence to an important determination of e from theoretical considerations by 
Planck. From the theory of the distribution of energy in the spectrum of a 
hot body, Planck found that e=4‘69xl0~^°, and N = 2.80xlC^^. For 
reasons that we cannot enter into here, this theoretical deduction must be 
given great weight. 

When we consider the great diversity of the theories and methods which 
have been utilised to determine the values of the atomic constants e and N, 
and the probable experimental errors, the agreement among the numbers 
is remarkably close. This is especially the case in considering the more 
recent measurements by very different methods, which are far more reliable 
than the older estimates. It is difficult to fix on one determination as more 
deserving of confidence than another ; but I may be pardoned if I place some 
reliance on tlie radioactive metliod previously discussed, which depends on 
the charge carried by the a particle. The value obtained in tliis way is 
not only in close agreement with the theoretical estimate of Planck, but is 
in fair agreement with the recent determinations by several other distinct 
methods. We may consequently conclude that the number of molecules in 
a cubic centimetre of any gas at standard pressure and temperature is 
about 2-77x10^^, and that the value of the fundamental unit of quantity 
of electricity is about 4‘65xl0~’° electrostatic units. From these data it is 
a simple matter to deduce the mass of any atom whose atomic weight is 
known, and to determine the values of a number of related atomic and mole- 
cular magnitudes. 

There is now no reason to view the values of these fundamental constants 
with scepticism, but they may he employed with confidence in calculations 
to advance still further our knowdedge of the constitution of atoms and 
molecules. Tliere will no doubt be a great number of investigations in the 
future to fix the values of these important constants with the greatest 
possible precision ; but there is every reason to believe that the values are 
already known with reasonable certainty, and wdth a degree of accuracy far 
greater than it was possible to attain a few years ago. The remarkable 
agreement in the values of e and N, based on so many different theories, of 
itself affords exceedingly strong evidence of the correctness of the atomic 
theory of matter, and of electricity, for it is difficult to believe that such 
concordance would show itself if the atoms and their charges had no real 
existence. 

There has been a tendency in some quarters to suppose that the develop- 
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ment of physics in recent years has cast doubt on the validity of the atomic 
theory of matter. This view is quite erroneous, for it will be clear from 
the evidence already discussed that the recent discoveries have not only 
greatly strengthened the evidence in support of the theory, but have given 
an almost direct and convincing proof of its correctness. The chemical atom 
as a definite unit in the subdivision of matter is now fixed in an im- 
pregnable position in science. Leaving out of account considerations of 
etymology, the atom in chemistry has long been considered to refer only 
to the smallest unit of matter that enters into ordinary chemical combina- 
tion. Tliere is no assumption made that the atom itself is indestructible 
and eternal, or that methods may not ultimately be found for its sub- 
division into still more elementary units. The advent of the electron has 
shown that the atom is not the unit of smallest mass of which we have 
cognisance, while the study of radioactive bodies has shown that the 
atoms of a few elements of high atomic weight are not permanently stable, 
but break up spontaneously with the appearance of new types of matter. 
These advances in knowledge do not in any way invalidate the position of 
the chemical atom, but rather indicate its great importance as a sub- 
division of matter whose properties should be exhaustively studied. 

The proof of the existence of corpuscles or electrons with an apparent 
mass very small compared with that of the hydrogen atom, marks an im- 
portant stage in the extension of our ideas of atomic constitution. This 
discovery, which has exercised a profound influence on the development of 
modern physics, we owe mainly to the genius of the President of this Associa- 
tion. The existence of the electron as a distinct entity is established by 
similar methods and with almost the same certainty as the existence of 
individual a particles. While it has not yet been found possible to 

detect a single electron by its electrical or optical effect, and 

thus to count the number directly as in the case of the a 

particles, there seems to be no reason why this should not be accom- 

plished by the electric method. The effect to be - anticipated for a 
single particle is much smaller than that due to an a particle, but 
not too small for measurement. In this connection it is of interest to note 
that Eegenex has observed evidence of scintillations produced by the 
p particles of radium falling on a screen of platinocyanide of barium, 
but the scintillations are too feeble to count with certainty. 

Experiment has shown that the apparent mass of the electron varies 
with its speed, and, by comparison of theory with experiment, it has been 
concluded that the mass of the electron is entirely electrical in origin and 
that there is no necessity to assume a material nucleus on which the 
electrical charge is distributed. While there can be no doubt that electrons 
can be released from the atom or molecule by a variety of agencies and, 
when in rapid motion, can retain an independent existence, there is still 
much room for discussion as to the actual constitution of electrons, if such 
a term may be employed, and of the part they play in atomic structure. 
There can be little doubt that the atom is a complex system, consisting of 
a number of positively and negatively charged masses which are held in 
equilibrium mainly by electrical forces; but it is difficult to assign the 
relative importance of the role played by the carriers of positive and 
negative electricity. While negative electricity can exist as a separate 
entity in the electron, there is yet no decisive proof of the existence of a 
corresponding positive electron. It is not known how much of the mass of 
an atom is due to electrons ox othex moving charges, or' whether a type of 
mass quite distinct from electrical mass exists. Advance in this direction 
must be delayed until a clearer knowledge is gained of the character and 
structure of positive electricity and of its relation to the negative electi'on. 
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The general experimental evidence indicates that electrons play two 
distinct roles in the structure of the atom, one as lightly attached and 
easily removable satellites or outliers of the atomic system, and the other 
as integral constituents of the interior structure of the atom. The former, 
which can be easily detached or set in vibration, probably play an 
important part in the combination of atoms to form molecules, and in the 
spectra of the elements; the latter, which are held in place by much 
stronger forces, can only be released as a result of an atomic explosion 
involving the disintegration of the atom. For example, the release of an 
electron with slow velocity by ordinary laboratory agencies does not appear 
to endanger the stability of the atom, but the expulsion of a high speed 
electron from a radioactive substance accompanies the transformation of 
the atom. 

The idea that the atoms of the elements may be complex structures, made 
up either of lighter atoms or of the atoms of some fundamental substance, 
has long been familiar to science. So far no direct evidence has been 
obtained of the possibility of building up an atom of higher atomic weight 
from one of lower atomic weight, but in the case of the radioactive 
substances we have decisive and definite evidence that certain elements 
show the converse process of disintegration. It may be significant that 
this process has only been observed in the atoms of highest atomic weights, 
like those of uranium, thorium and radium. With the exception possibly 
of potassium, there is no reliable evidence that a similar process takes 
place in other elements. The transformation of the atom of a radioactive 
substance appears to result from an atomic explosion of great intensity 
in which a part of the atom is expelled with great speed. In the majority 
of cases, an a particle or atom of helium is ejected, in some cases a high- 
speed electron, while a few substances are transformed without the 
appearance of a detectable radiation. The fact that the a particles from 
a simple substance are all ejected with an identical and very high velocity 
suggests the probability that the charged helium atom before its expulsion 
is in rapid orbital movement in the atom. There is at present no definite 
evidence of the causes operative in these atomic transformations. 

Since in a large number of cases the transformation of the atoms are 
accompanied by the expulsion of one or more charged atoms of helium, it is 
difficult to avoid the conclusion that the atoms of the radioactive elements 
are built up, in part at least, of helium atoms. It is certainly very 
remarkable and may prove of great significance, that helium, which is 
x’egarded from the ordinary chemical standpoint as an inert element, plays 
such an important part in the constitution of the atoms of uranium, 
thorium and radium. 

The study of radioactivity has not only thrown great light on the 
character of atomic transformations, but it has also led to the development 
of methods for detecting the presence of abnost infinitesimal quantities of 
radioactive matter. It has already been pointed out that two methods — one 
electrical, the other optical — ^have been devised for the detection of a single 
a particle. By the use of the optical or scintillation method, it is possible 
to count with accuracy the number of a particles when only one is expelled 
per minute. It is not a difficult matter, consequently, to follow the trans- 
formation of any radioactive substance in which only one atom breaks up 
per minute, provided that an a particle accompanies the transformation. 
In the case of a rapidly changing substance like the actinium emanation, 
which has a half period of 3*7 seconds, it is possible to detect with certainty 
the presence, if not of a single atom, at any rate of a few atoms, while 
the presence of a hundred atoms would in some cases give an inconveniently 
large effect. The counting of the scintillations affords an exceedingly power- 
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ful and direct quantitative method of studying the properties of radioactive 
substances which expel a particles. Not only is it a simple matter to count 
the number of a particles which are expelled in any given interval, but it 
is possible, for example, by suitably arranged experiments to decide whether 
one, two or more a particles are expelled at the disintegration of a simde 
atom. 

The possibility of detection of a single atom of matter has opened up 
a new field of investigation in the study of discontinuous phenomena. 
For example, the experimental law of transformation of radioactive matter 
expresses only the average rate of transformation, but by the aid of the 
scintillation or electric method it is possible to determine directly by 
experiment the actual interval between the disintegration of successive 
atoms and the probability law of distribution of the a particles about the 
average value. 

Quite apart from the importance of studying radioactive changes, the 
radiations from active bodies provide very valuable information as to 
the effects produced by high velocity particles in traversing matter. The 
three types of radiation, the a, /3 and y rays, emitted from active bodies, 
differ widely in character and their power of penetration of matter. The 
a particles, for example, are completely stopped by a sheet of iiotepapor, 
while the y rays from radium can be easily cletectecl after traversing twenty 
centimetres of lead. The differences in the cliaracter of the absorption of 
the _ radiations are no doubt partly due to the difference in type of the 
radiation and partly due to the differences of velocity. 

The character of the effects produced by the a and particles is most 
simply studied in gases. The a particle has such great energy of motion that 
it plunges through the molecules of the gas in its path, and leaves in its train 
more than a hundred thousand ionised or dissociated molecules. After 
traversing a certain distance, the a particle suddenly loses its charac- 
teristic properties and vanishes from the ken of our observational methods. 
It no doubt quickly loses its high velocity, and after its charg(" lias bc-en 
neutralised becomes a wandering atom of helium. Tlie ionisation produced 
by the a particle appears to consist of the liberation of one or more slow velo- 
city electrons from the_ molecule, but in the case of complex gases there is no 
doubt that the act of ionisation is accompanied by a chernit-al dissoidation 
of the molecule itself, although it is difficult to decide whether this dis- 
sociation is a primary or secondary effect. The chemical dissociation 
produced by a particles opens up a wide field of investigation, on which, so 
far, only a beginning has been made. 

The /3 particle differs from the a particle in its much greater jmwer 
of penetration of matter, and the very small number of molecules it 
ionises compared with the a particle traversing the same ])ath in the gas. 
It is very easily deflected from its path by encounters with tlie gas 
molecules, and there is strong evidence that, unlike the a particle, the 
particle can be stopped or entrapped by a molecule when travelling at a 
very high speed. 

When the great energy of motion of the a particle and the small 
amount of energy absorbed in ionising a single molecule are taken into 
consideration, there appears to be no doubt that the a pai'ticle, as Bragg 
pointed out, actually passes through the atom, or rather the sphere of 
action of the atom which lies in its path. There is, so to s])eak, no time 

XL swiftly moving a ]iarticle, 

but the latter must pass through the atomic system. On this view, the 
old dictum, no doubt true in most cases, that two bodies cannot occupy the 
saine space, no longer holds for atoms of matter if moving at a sufficiently 
high speed. 
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There would appear to be little doubt that a careful study of the effects 
produced by the a or /5 particle in passing through matter will ultimately 
throw much further light on the constitution of the atom itself. Work 
already done shows that the character of the absorption of the radiations 
is intimately connected with the atomic weights of the elements and their 
position in the periodic table. One of the most striking effects of the 
passage of /5 rays through matter is the scattering of the particles , 
i.e., the deflection from their rectilinear path by their encounters 
with the molecules. It was for some time thought that such a 
scattering could not be expected to occur in the case of the a particles 
in consequence of their much greater mass and energy of motion. The 
recent experiments of Geiger, however, show that the scattering of the a 
particles is very marked, and is so great that a small fraction of the a 
particles, which impinge on a screen of metal, have their velocity reversed 
in direction and emerge again on the same side. This scattering 
can be most conveniently studied by the method of scintillations. 
It can be shown that the deflection of the a particle from its path 
is quite perceptible after passing through very few atoms of matter. The 
conclusion is unavoidable that the atom is the seat of an intense electric 
field, for otherwise it would 'be impossible to change the direction of the 
particle in passing over such a minute distance as the diameter of a 
molecule. 

In conclusion, I should like to emphasise the simplicity and directness 
of the methods of attack on atomic problems opened up by recent discoveries. 
As we have seen, not only is it a simple matter, for example, to count the 
number of a particles by the scintillations produced on a zinc sulphide 
screen, but it is possible to examine directly the deflection of an individual 
particle in passing through a magnetic or electric field, and to determine 
the deviation of each particle from a rectilinear path due to encounters 
with molecules of matter. We can determine directly the mass of each 
a particle, its charge, and its velocity, and can deduce at once the number 
of atoms present in a given weight of any known kind of matter. In the 
light of these and similar direct deductions, based on a minimum amount 
of assumption, the physicists have, I think, some justification fox their 
faith that they are building on the solid rock of fact, and not, as we are 
often so solemnly warned by some of our scientific brethren, on the shifting 
sands of imaginative hypothesis. 
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It is recorded that, on a certain occasion, after saying, ‘ I shall not often 
give arguments but frequently opinions— I trust, with courtesy and pro- 
priety, &c.,’ a professor of world-wide reputation remarked, ‘A man’s 
opinions, look you, are generally of much more value than his arguments. 
These last are made by his brain and perhaps he does not believe the 
proposition they tend to prove — as is often the case with paid lawyers ; 
but opinions are formed by our whole nature — ^brain, heart, instinct, brute 
lifej everything all our experience has shaped for us by contact with the 
whole circle of our being.’ 

Of his many charming utterances at the breakfast table, I would select 
this as one of the most noteworthy and just withal. Chemists especially 
need to take both opinions and feelings into account, as well as arguments ; 
to appreciate more fully, perhaps, than is now customary the need 
of cultivating and giving expression to that state of mind which is 
the main qualification of the expert — ^the state of mind which, let me 
insist, in the case of the chemist, is only to be acquired by constantly 
associating with and constantly handling substances in being and in the 
making, by constantly striving to become acquainted with their innermost 
nature and idiosyncrasies. It is safe to say that much of the subject 
matter of our science is not yet quantifiable and probably never will be ; 
it is even easy to overrate the value of quantitative measurements, as the 
processes studied, more often than not, are involved opei’ations that can 
be only with difficulty, if at all, resolved into their factors. 

< After an' interval only a year short of a quarter of a century, it is my 
privilege again to occupy the chair of this section and that, too, under 
conditions of special significance. The British Association has never 
before sought to carry the banner of science so far west into British 
Dominions — never before was it so clear that the progress of humanity is 
linked with the progress of science by an indissoluble bond : science defined in 
a word being hnowledge, not mere work nor mere lip knowledge, but system- 
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atised established knowledge, not assumed knowledge— although hypothesis 
often serves to guide inquiry and truth is arrived at only gradually and 
slowly by a series of rough approximations. Moreover, science is true 
knowledge of every there is too often a tendency to give a narrow 

interpretation of the word. One reason probably .why the term does not 
produce any proper effect upon the average British ear is that it is not 
an English word but a mere adaptation from the Latin — a language which 
apparently cannot be engrafted upon our Saxon tissues, although, per- 
haps, it may be that we have so little feeling for it because we have been 
allowed to learn so little else in our higher schools ; monotony of diet ever 
favours diminutive growth. Germans, I always feel, enjoy a great advantage 
over us in possessing the popular word Wissenscliaft — in calling science the 
husiness of knowing, the Insiness of gaining wisdom, of being wise. 

Coming as we do to Canada to advocate such a cause, to direct attention 
to the principles on which alone such a business can be learnt and con- 
ducted with profit— surely we may count on meeting with the support of 
the public at large : it is this we desire and claim — not merely the support 
of a few specialists ; moreover, we do not ask for it in any way as a favour 
but practically demand it as a right— in no way, however, on personal 
grounds or with any display of arrogance but because we are persuaded 
that our message is of such infinite importance to the well-being of the 
community that it is our clear duty to make it of avail. Here it is that 
opinion, not argument, must count; the language of science is and must 
remain, in many ways, a strange one to the public ; we must therefore ask 
that they entrust us with their confidence and allow themselves to be 
guided by the experience we have gained ; we must be as the prophets of 
old : regardless of consequences, we must insist on the overthrow of the idols 
which a narrow priesthood still attempts to force upon society. We need 
always remember that, as my good friend the Professor expresses it — 
‘ Man is an idolater or symbol-worshipper by nature, which, of course, 
is no fault of his, but sooner or later all his local and temporary symbols 
must be ground to powder, like the golden calf — word-images as well as 
metal and wooden ones.’ It is, as he says, ‘Bough work, Iconoclasm — but 
the only way to get at Truth.’ 

Naturally I am constrained on the present occasion to take stock of 
the position of our science, to draw a comparison between the condition of 
affairs chemical when we met in Aberdeen in 1885 and their present state. 
No like period of human history has been more fruitful of advance ; at 
the same time, no period illustrates more clearly the difficulties that lie in 
the path of progress — because of the innate conservatism proper to human 
nature. ’ 

It was mj privilege in 1885 to discuss a variety of problems which then 
seemed to be of special importance in relation to the subject of Chemical 
Change, our main province of study. I find the same problems dominant 
now — still unsolved but yet nearer solution. The history of progress, of 
discovery, during the intervening period is wonderfully rich in incident 
—how rich perhaps few realise, as it is obscured by a mass of blinding 
detail. If I attempt to bring some of the scattered threads together and in 
so doing dare to paint a picture which here and there may be startling in 
its outlines and implications ; if I venture to follow the example set by one 
who has appeared as an autocrat as well as a professor and sometimes 
give my naked opinions ; it will, I trust, be understood that I do so con- 
scious that the sfctch I am presenting must be full of the faults to which 
all such attempts are subject. 

, In my previous address two very different topics were considered— the 
Educational Outlook and the Theory of Chemical Change. In dealing with 
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tlie former, I drew special attention to the need of creating an atmosphers 
of research in our colleges — ^then to the faulty curriculum of our schools and 
the need of introducing reforms into practically every branch of education, 
especially medical education. In the interval, considerable progress has 
been made by way of forming plans for the future, even a foundation stone 
or two has been put in place, although scarcely ' well and truly laid ’ — but 
the actual buildings are hardly marked out. In point of fact, tfie needs to 
which I called attention in 1885 are our present and now most urgent needs. 
But of this more subsequently. 

In discussing chemical action, I conunented on our failure to arrive at 
any understanding as to the conditions which determine the occurrence of 
chemical change — a failure all the more remarkable in view of the clearness 
of Faraday’s early teaching. Basing my remarks on the thesis which he pro- 
pounded in 1834 that the forces termed electricity and chemical affinity 
are one and the same, I discussed current views on electrolysis and arrived 
at a conclusion entirely adverse to the explanation put forward by Clausius 
that the conductivity of electrolytes was conditioned by the presence of a 
small proportion of separate ions ; this was at a time when the views of 
Arrhenius were not yet spread abroad, although they had been communi- 
cated to the Swedish Academy ; I knew of them only from Ostwald. In 
justice to the attitude of complete antagonism which I have always main- 
tained towards the speculations of the Arrhenius-Ostwald school, I may 
point out here that iir drawing attention to the views expressed by 
Arrhenius and Ostwald as to the correlation of chemical with electrolytic 
activity (and I was the first English writer who called attention to them), 

I took occasion to say ; ‘ There cannot be a doubt that these investigations 
are of the very highest importance.’ In the interval, Ostwald has charged 
his test-tubes with ink instead of with chemical agents and by means of a 
too facile pen has enticed chemist.s the world over into becoming adherents 
of the cult of ionic dissociation — a cult the advance of which may w’ell be 
ranked with that of Christian science, so implicit has been the faith of its 
adherents in the doctrines laid down for them, so extreme and narrow the 
views of its advocates. At last, however, the criticism which has been far 
too long delayed is being brought to bear and the absurdity of not a few 
of the propositions which the faith entails is being made evident ; it is to 
be hoped that we shall soon enter on a period in which commonsense will 
once more prevail; that ere long an agreement will be arrived at, both 
as to the conditions which determine it and as to the nature of chemical 
change in general. The lesson we shall have learnt is one of no slight 
import if it but teach us the ever-present need of questioning our grounds 
of belief, if it serve to bring home to us the danger of uncontrolled literary 
propagandism in science, if it but cause us always to be on our guard 
against the intrusion of authority and of dogmatism into- our speculations. 

Before attempting to deal with any of the problems which concerned us 
at Aberdeen I will first briefly pass the more salient features of .advance 
in review. Few probably are aware how extraordinary is the command 
we now have of qux subject. In 1885, in defending the tendency of chemists 
to devote themselves to the chemistry of carbon, I could speak of the great 
outcome of their labours as being the establishment of the doctrine of 
structure. Everything that has happened in the interval is in support of 
this contention. It is interesting that in a recent lecture ^ on the Physical 


. The Wilde. Ucture, 1908.’ By Professor Larmor, Sec. R. S., Manchester 
Literary and Philosophical S-ochfy Memoirs. 
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Aspect of the Atomic Theory, the most prominent living exponent of 
physical theories has given a not unwelcome recognition of our right- 
mindedness in saying : As time goes on it becomes increasingly difficult 
to resist the direct evidence for the simple view that, in many cases, 
chemical combination is not so much a fusion or intermingling of the 
combining atomic structures as rather an arrangement of them alongside 
one another under steady cohesive affinity, the properties of each being 
somewhat modified, though not essentially, by the attachment of the others ; 
and that the space formulae of chemistry have more than analogical 
significance.’ And again in the following passage, in which a far-reaching 
confession is made : ‘ The aim of structural chemistry must go much 
deeper (than dynamical methods of treatment) ; and we have found it 
difficult, on the physical evidence, to gainsay the conclusion that the 
molecular architecture represented by stereo-chemical formulse has a 
significance which passes beyond merely analogical representation and 
that our dynamical views must so far as possible be adapted to it,’ The 
remark made by Helmholtz in one of his letters, ‘ that organic chemistry 
progresses steadily but in a manner which, from the physical standpoint, 
appears not to be quite rational,’ must be regarded as little more than a. 
confession that he was out of his depth. When properly understood, 
nothing could be more rational and logical than the way in which our 
theory of structure has been gradually built up on an impregnable basis 
of fact, with the aid of the very simple conceptions of valency postulated 
by Frankland and Kekule. Our security lies in the fact that the postulates 
of our theory have been tested in an almost infinite variety of cases and 
never found wanting ; this is not to say they are applicable in all cases 
but merely that whenever we are in a position to apply them we can do so 
without hesitation. Larmor refers to the habit of physicists of taking 
comfort in Helmholtz’s remark ; it will be well if instead they make them- 
selves acquainted with our methods and with the results we have won, with 
a minimum of speculative effort, by the cultivation of an instinct or sense 
of feeling which experience shows to be an effective guide to action. Now 
that physical inquiry is largely chemical, now that physicists are regular 
excursionists into our territory, it is essential that our methods and our 
criteria should be understood by them. I make this remark advisedly, as it 
appears to me that of late years, while affecting almost to dictate a policy 
to us, physicists have taken less and less pains to make themselves 
acquainted with the subject-matter of chemistry and especially with our 
methods of arriving at the root-conceptions of structure and of properties 
as conditioned by structure. It is a serious matter that chemistry should 
be so neglected by physicists and that the votaries of the two sciences should 
be brought so little into communion. 

The central luminary of our system, let me insist, is the element carbon. 
The constancy of this element, the firmness of its affections and affinities, 
distinguishes it from all others. It is only when its attributes are under- 
stood that it is possible to frame any proper picture of the possibilities which 
lie before us, of the place of our science in the Cosmos. But, as Longfellow 
sings of the sea in his poem ‘ The Secret of the Sea,’ ‘ Only those who brave 
its dangers comprehend its mystery ’ — only those who are truly conversant 
with the root conceptions of organic chemistry are in a position to attempt 
the interpretation of the problems of our science as a whole or even to 
understand the framework upon which it is built up. And yet we continue 
to withhold the knowledge of the properties of carbon from students until 
a late period of their development ; indeed, when I insisted recently that 
organic and inorganic chemistry should be taught as one subject to medical 
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students/ I was told that it could not be ; that the attempt had been made 
with disastrous consequences. I trust that ere long the futility of such an 
attitude will be generally realised. 

It is remarkable how much our conceptions are now guided by geo- 
metrical considerations. The development by van’t Hoff of the Pasteur 
hypothesis of geometrical asymmetry has been attended with far-reaching 
consequences during the period under review, the completeness with which 
the fundamental properties of the carbon atom are symbolised by a regular 
tetrahedron being altogether astounding. 

Our present conception is that the carbon atom has tetrahedral properties 
in the sense that it has four affinities which operate practically in the 
direction of the four radii proceeding from the centre towards the four 
solid angles of a regular tetrahedron. 

More than analogical significance — to use L armor’s expression — must 
be accorded to this symbol on account of its remarkable accordance with 
the facts generally, whether derived from the study of asymmetric optically 
active substances or from observation of the activity of ring structures of 
various degrees of complexity. Nothing is more surprising than the com- 
pleteness with which the vast array of facts included in organic chemistry 
may be ordered by reference to the tetrahedral model. In the future, when 
our civilisation is gone the way of aU civilisations and strangers dig on 
the sites of our ruined cities for signs of our life, they will find the 
tetrahedron and The bouzene hexagon among the mystic symbols w’hich they 
have difficulty in interpreting ; if, like the ancient Egyptians, we made 
our tombs records of our wisdom, such symbols would long since have 
acquired sacred significance and the public would probably have learnt 
to regard them with awe and to respect them as totems. Chemists might at 
least wear them on aprons in imitation of the Freemasons ; perhaps no two 
other symbols have so great a significance — they reach into life itself. 

It would seem that carbon has properties which are altogether special, 
the influence which it exercises upon other elements in depriving them of 
their activity is so remarkable. In their recent discussion of the relation 
of crystalline form to structure, in which valency is represented as a 
function of the volume sphere of influence exercised by an element, Barlow 
and Pope arrive at the remarkable conclusion that carbon is probably the 
only element the atom of which has a volume sphere of influence four 
times that of the hydrogen atom ; although it combines with four atoms 
of hydrogen, silicon apparently has only half the volume sphere of influence 
of carbon. This may, in a measure, account for the very great dissimi- 
larity in behaviour of the two elements, which is most pronounced in their 
oxides, the single atom of carbon all but dominating two atoms of oxygen 
in carbon dioxide (which is consequently gaseous), whilst the atom of 
silicon in silicon dioxide in no way eclipses the two atoms with which it is 
associated but leaves both charged with residual affinity which enables 
them to form complex collocations of remarkable fixity in the fire. At 
bottom the differences between organic and inorganic nature are to be 
regarded as very largely the expression of this difference. Ropes of sand 
are proverbially treacherous ; yet without sand, if silica had been a gaseous 
substance, our world might have worn a strangely different aspect. “ 

‘The Reform, of the Medical Curriculum .’ — Science Progress, January ana 
AprU 1907. 

2 The eolid model of eilica which Barlow and Pope have constructed has 
very remarkable attributes, in that the oxygen atoms appear to be uniformly 
related and in intercommunication throughout its mass : so that a mass of eilica, 
whatever its size, may almost be regarded as a single molecular complex. A 
similar view may be taken of plastic metals such as those of the platinum group, 
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The mineral world apparently owes its rigidity to the fact that the 
metals and certain other elements are so imperfectly capable of dominating 
oxygen that oxides generally polymerise with great readiness, giving rise 
to substances which do not even fuse easily. The organic, on the other 
hand, appears to be plastic by reason of "the close approach to neutrality 
which is conditioned by association with carbon. 

Nothing is more striking than the remarkable diversity of properties 
manifest both in the materials which at present we are content to call 
elements and' in the compounds formed by their interaction ; the range of 
variation met with in the case of the compounds of carbon with hydrogen 
and oxygen alone is almost infinite. We are almost compelled to attribute 
this diversity more to differences in the complexity and structure of the 
molecules' th^n to difierences in their material composition. The chemist, of 
necessity, must be a dreamer, knowing as he does that things are not as 
they seem to be. But this is not sufficiently remembered ; indeed, students 
are systematically trained up in an atmosphere of pretence. The beginner 
is allowed to regard elementary oxygen, for example, as a colourless gas, 
which is generally harmless until things are presented to it in a more or 
less heated condition, whereat it takes umbrage and burns them up. He 
would regard elementary carbon as a soft black substance, which if smeared 
on the face of the white man makes him look like a nigger, were it not 
that he also learns that at times it is the hardest and whitest substance 
known; of organic chemistry, which alone can give him honest ideas of 
carbon, he is not allowed to hear as T have said. The sting of awakening 
conscience is salved by the introduction of a long Greek word. when he is told 
that the two substances, soot and diamond, are allotropic forms of the 
element carbon ; nevertheless he regards them both as elementary carbon. 
Gradually, perhaps, he awakens to a sense of the wrong that he lias suffered 
at the hands of his teachers, as he realises that from no one substance can 
he gather what the properties of an element are, that after all the elemen‘- 
tary substance is but an ideal— in other words, a mere concept. If appre- 
ciative, he then learns to think of the blandness of water, the sweetness of 
sugar, the sourness of vinegar, the causticity of soda, indeed every dis- 
tinctive property of every known oxygen compound as more or less a 
property of, more or less conditioned by, the element oxygen ; he is 
brought back, in fact, to the position from which Lavoisier started, as he 
realises that the oxygen gas which he inhales is not elementary oxygen; 

gold, silver and copper. Whether when rendered brittle by association with 
small amounts of impurity these are resolved into simpler molecular complexes 
or whether the molecules merely become separated by substances which promote 
discontinuity and brittleness, it is impossible to say at present. The cause of 
hardness in mineral materials is, however, a question of no slight interest and 
importance. The property is strikingly exemplified in the diamond. It is 
difficult to^ understand the intense hardness of this material, on the assumption 
that the diamond is composed of paraffinoid carbon — that is to say, carbon with 
ail its affinities satisfied. At present we appear to have no clue to the manner 
in which affinity acts in promoting the formation of such solids. But it is 
obvious that all solids are possessed of some degree of ‘ surface affinity,’ as 
they not only grow when placed in solutions but determine the separation of 
•solid, from a solution at a degree of saturation which is often considerably below 
that at which the solution is actually saturated with the substance ; and such 
surface affinity, moreover, is selective, as the determinative effect is exercised 
only upon the substance itself or substances isomorphous with it — although 
exception must he made in favour of vrater, which all surfaces appear to attract, 
feir James Dewar’s observations on the condensation of gases by charcoal at 
low temperatures afford most striking illustrations of surface affinity. 
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he can then perhaps appreciate the wonderful acumen which tliis greatest 
of chemical philosophers displayed when he -wrote: ‘Nous avons donne a 
la base de la portion respirable de Pair le nom d’oxygene en le derivant de 
deux mots grecs acide, yuvo^ai^ j’engendre, parce qu-en effet une des 
proprietes les plus generales de cette base est de former des acides eii &e 
combinant avec la plupart des substances. Nous appelerons done gaz 
oxygene la reunion de cette base avec le calorique.' We have allowed a 
century to pass without recognising the wonderfully accurate powers of 
prevision displayed by Lavoisier ; what is worse, we have been so far led 
astray that instead of regarding oxygen as the characteristic and attractive 
element in acids, hydrogen has been allowed to usurp the position : the 
extent to which the cult of the hydrogen ion now dominates ' the text-books 
is well known ; in days to come, w^hen the history of our times is written, 
it will be referred to as a remarkable example of chemical shortsightedness. 

Names are needed for the elements which would serve to distinguish the 
ideal elementary substances from the forms in wMch they are known to us. 
No more appropriate name than oxygen could possibly be selected for the 
fundamental material ; if the gen terminal could be applied to elemen- 
tary materials generally, it -would be an advantage ; it would not be easy, 
however, if this were done, to devise an appropriate separate name 
applicable to the active constituent of air.^ 

In naming the inert gas in air, which he ultimately termed azotic gas, 
having proposed the name azote for the element, Lavoisier had in view as 
alternatives the terms alcaligen and nitrogen. As there was no proof that the 
element was a constituent of alkalies other than ammonia, he rejected the former 
name on the ground that it might convey too broad an impression ; in course of 
time the latter is become the popular name, except in France, where motives of 
piety have prevailed ; but the French practice has been justified by the universal 
use of the term azo in connexion with many nitrogen derivatives. 

Had Lavoisier realised that the alkalies and basic oxides generally owe their 
basicity to oxigen as much as acids and acidic oxides generally owe their acidity 
to oxygen— the one being oxygen tempered by metal, the other oxygen tempered 
by non-metal — as the number of basic oxides far outweighs the number of acidic 
oxides, he might well have chosen the name alcaligen rather than oxygen. The 
choice he made was a particularly happy one and striking evidence of his genius 
and sense of euphony — for oxygen is pur excellence the acid-forming element- 
and is most truly called sour-stuff, the stuff of which sour things are made — for 
whatever the properties of the initial oxide of a series, as the proportion of 
oxygen is increased, the acidic qualities are invariably strengthened. 

The choice of a terminal connoting the elementary radicles which would be 
applicable generally and also acceptable is very difficult. If usage do not forbid 
change, probably our ears will decline to allow us to be systematic. The terminal 
yen is not applicable to many present names. In the interest of euphony, excep- 
tion may be taken to the adoption of ion as a final syllable. In English ears most 
of the words with this ending have an ugly sound if pronounced so_ as to make 
it significant; moreover, our object is to secure a term which is applicable to the 
elementary material, whatever its state ; the term ion is sugpstive of a particular 
state— a state of chemical activity ; and at present there is no agreement as to 
the nature of an ion. The terms atom, radicle (simple and compound), ion and 
molecule now all have their separate meaning and value and are indispensable. 

The only terminal which seems in any way likely to he generally^ satisfactory 
in use is the terminal yl, which is already applied to organic radicles ; its use might 
well be extended to radicles generally. 

I may add here that it is unfortunate that certain disturbers of the peace have 
advocated of late a reversion to the spelling radical, mainly on the ground that the 
term is of French origin and was thus spelt originallv. But there is no reason 
to give a French spelling to a word when it becomes English ; and the^ genius of 
our language is against the proposal, apart from the fact that it introduces 
unnecessary confusion. We make clear distinction between principal and prin- 
ciple-, it is most desirable, in like manner, to distinguish between radical and 
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In 1885 I closed my address with a reference to the structure of the 
elements which implied that their behaviour was that of compound sub- 
stances ; the feeling that this is the case has long been general among 
chemists. Our present attitude towards this problem is a curious one and 
not altogether satisfactory — it is impossible to deny that we have somewhat 
lost sense of proportion, even if our methods have not savoured of the 
unscientific. The discovery of radium appears to have upset our balance— 
we have been carried away by the altogether mysterious and unprecedented 
behaviour of this -weird and -wondrous substance. But may we not ask : Is 
radium an element? Has it not been too generally, too hastily assumed 
that it is ? Little as we know of it, does not its behaviour straightway out- 
class it as an element ? Surely it does ! Is not the established fact that an 
emanation proceeds from it, which in turn decomposes and gives rise to 
helium, a proof of its compound nature ? Again, is the evidence of such a 
character as to justify us in asserting that uranium is the parent of radium ? 
If it be such, must not uranium also disappear from the list of elements ; 
must it not indeed be removed on the ground that it gives rise to uranium 
without any reference to its supposed relationship to radium ? 

radicle; the latter is in harmony with 'particle and participle and being suggestive 
of a rootlet, it is eminently significant. Bodical is almost misleading, as a radical 
in these days is apparently one whose tendency is to go to extremes while 
contemplating the surface only instead of going to the root of things. 

It would be to the advantage of students also if we were far more systematic 
in our use of formulce as well as in matters of nomenclature. At present 
no proper distinction is made between empirical and molecular formulae in the 
case of the elements. Notwithstanding that we acknowledge our indebtedness to 
Avogadro and to Canizzaro his prophet, it is still not unusual to find gaseous 
hydrogen represented by the symbol H and gaseous oxygen by the symbol 0 ; the 
text-hooks generally pay little heed to such matters. We are far too careless of 
consequences in our teaching and do not sufficiently appreciate the value of 
system and ritual. If it were made the practice to represent molecular formula 
in some special manner — by Clarendon or thick type, for example — attention 
would then he called to the fact that in the majority of cases the substances used 
are of unknown molecular composition. 

If a student see -sodium chloride always represented as NaCl or, what is worse, 
in accordance with a growing evil custom, learn to speak of it as En-ay-cee-el, 
it becomes difficult to persuade him that probably such a formula is a misleading 
expression — at all events, in no way the expression of known fact. Nothing 
could he worse than the tendency which is coming over us to speak of substances 
in terms of their formulae instead of by name. It is difficult to understand what 
■can he gained by referring, for example, to carbon dioxide as Cee-oh-too. Such 
v^ulgarisrns and also the substitution of formulae for written or printed names 
should be discountenanced on every possible occasion. 

The reproach is not unfrequently levelled at us that scientific workers lack 
literary style and that they do not take sufficient pains ,in describing their work 
-clearly and concisely — ^too often with justice. At all events, as the complaint 
has been made from the Chair at several recent anniversary meetings at the Eoyal 
Society, some notice should be taken of it.^ 

Solecisms are only too abundant in our literature. It is sheer carelessness 
to speak of compounds ‘ adding ’ this or that, instead of saying that they combine 
with it; the statement that a substance ‘analyses’ is inexcusable. The use of 
such expressions is proof that no thought has been exercised in writing. 

An old writer has expressed an eternal truth in saying : ‘ All soche Authors 
as be fullest of good matter and right judgement in doctrine be likewise always 
most proper in wordes, most apte in sentence, most plain and pure in uttering 
the -same.’ 

^ Complaint is made even in Germany. Compare von Lippmann : ‘ Ueber 
den Stil in den deutschen chemischen Zeitschriften,’ Chemiker-Zeitunq, Mav 6, 
1909, p. 489. ■ 
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The answers given to such questions must depend on our definition cf an 
element. At present we seem to be without one. 

The conception that the break-down of radium is spontaneous and apart 
from all external impulse or control is also one which should be received 
with caution. There is reason to suppose that in all ordinary cases in which 
compounds undergo decomposition spontaneously, the decomposition is con- 
ditioned by an impurity ; the efiect, moreover, is usually cumulative. This 
is true of highly explosive substances, such as chloride of nitrogen and gun- 
cotton, for example. It might be supposed that something similar would 
happen in the case of radium — ^but apparently such is not the case; it 
is assumed that occasionally a molecule explodes spontaneously, not only 
without being incited thereto but also without in any way affecting its 
neighbours. 

The alternative explanation that radium in some way acts as a receiver, 
transforming energy from some external source to which ordinary substances 
fail to respond and being thereby stimulated to decompose, is at pre.sent 
out of favour, although perhaps more in accordance with its peculiar 
behaviour. ^ 

The liberation of helium as a product of radio-active change is in itself a 
significant fact, in view of the possibility that helium may be an element 
of intense activity. Nothing in connexion with the problem is more sur- 
prising, however, than the apparent production, in course of time, of a 
whole series of degradation products which differ gi*eatly in stability — such 
behaviour is entirely without precedent and not at all becoming in elements. 

No such remarkable and inspiring problem has ever before been offered 
for solution. We can only wonder at the results and admire the genius which 
some have displayed in interpreting them, Rutherford in particular. * Yet 
outsiders may well hold judgment in suspense for the present ; whilst it 
is permitted to workers to make use of hypothesis in every possible way in 
extending inquiry, the public are in no wise called upon to accept such 
hypothesis as fact. 

But apart from the suggestion that elements may give rise to others 
spontaneously, we have been entertained of late with stories of elements 
being converted into others under the influence of the energy let loose by 
the breakdown of radium. There is reason, however, to suppose that the 
powers of radium may have been greatly overpainted ; energy of almost any 
degree of intensity in the form of high tension electricity is now at our 
disposal and the effect which radium produces on living tissues, glass, &c., 

^ I may here put on record the opinion Lord Kelvin expressed on this question 
in a letter to me dated September 13, 1906 : — 

‘ Ever since, nearly four years ago, we heard of the hundred calories per hour 
given out by radium, 1 have had on my mind the question of some possible 
mechanism such as that which you suggest by which energy from surrounding 
matter (far or near) could automatically oome into radium to supply the energy of 
the heat which it gives out. The more I think of the question the less I see of 
that possibility. At present I can see nothing else than that the energy given out is 
taken from a previously existing store of potential energy of repulsive force be- 
tween separable constituents of radium. 

‘ The “ disintegration of the radium atom ” is wantonly nonsensical. It is 
nonsense very misleading and mystifying to the general public, because, if what 
is at present called radium can be broken into parts, it is not an atom. 

‘ “ Energy of an atom ” implies a thorough misunderstanding of the meaning 
of the word energy, which is capacity for doing work. 

* I admire most sincerely and highly the energy of the workers in Radioactivity 
and the splendid experimental results which they have already got by resourceful 
and inventive experimental skill and laborious devotion. 1 feel sure that as things 
are going on we shall rapidly learn more and more of the real truth about radium.’ 

B 3 
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is of tlie same character as that effected by the Rontgen ray discharge, the 
only difference being that the effect is produced somewhat more rapidly ; . 
it is not to be imagined, therefore, that the discovery of radium has put 
any very novel intensity of power into our hands. 

It is right that the public should understand that the statements pub- 
lished have been based on preliminary observations which lack verification, 
such as would never have been divulged in days gone by when a sterner sense 
of duty pervaded our ranks. Until the elementary nature of radium has 
been placed beyond question, we must hold judgment in suspense even as to 
the possibility of ‘ elements ’ undergoing decomposition ‘ spontaneously ’ ; 
at present, the possibility of elements being decomposed or transmuted by 
means of radium need not be entertained until evidence is forthcoming of 
a more convincing character than that with which we have been favoured, 

We have been living in a time of sensational discovery— in a period 
when advertisement is favoured and the desire for notoriety rampant. 
Unhappily that caution which appeared to be regarded as a priceless 
prerogative of the scientific worker in the earlier part of the last century, 
of which Faraday was so pre-eminent an exponent, is no longer our recog- 
nised watchword. I fear I am one of those who are old-fashioned enough to 
lament the, way in which our claim to be safe and honest guides of public, 
opinion is being endangered — who lament the manner in which the reputa- 
tion of scientific workers is likely to be besmirched if we do not see the evil 
of our ways and mend them. It is impossible to avoid noticing how the 
cancer grows— how the example is spreading among the younger men and 
loose habits of work and thought are being engendered. I know that not a 
few who have laboured steadfastly and seriously in an old-fashioned, exact 
and painstaking way, have been deeply hurt by the manner in which their 
efforts fail to meet with encouragement whilst tho.se who have thrown 
caution to the winds are favoured ; the feeling is beginning to arise 
that only sensational discovery is appreciated by the public. We need to 
return to the healthy times when fearless and frank criticism of all work 
was deemed desirable. We cannot substantiate the claims that are made on 
behalf of science unless our own attitude be above reproach — unless we are 
both logical and philosophical — unless we remain the sternest advocates of 
truth in its most rigid form. 

I pass to the consideration of the classification of the elements. The 
recognition of certain properties, the association of certain ideals with the 
several elements, is a necessary step in classifying the elements in accord- 
ance with Mendelejeff’s great generalisation — or rather it may be said to be 
both involved in and an outcome of Mendelejeff’s conception. 

Until recently our difficulty was to understand the relationship of the 
metallic and the non-metallic elements ; now we are confronted witli another 
problem — that of the existence of inert ‘ paraffinoid ’ elements. It is com- 
monly assumed that these are monatomic but the evidence on which this 
assumption is based is absolutely unconvincing and would be generally 
admitted to be so were we in the habit of looking before we leapt to con- 
clusions. Assuming that the elements are compounds, the formation of 
inert, compounds does not appear to be out of place, in view of the existence 
of practically inert hydrocarbons. But on the other hand, in view of the 
properties of nitrogen, which is one of the most active of substances in the 
monatomic state, although an inert gas in the diatomic condition, it may 
well be that the inertness of helium and the other members of the argon 
group is also simulated. Sir James Dewar’s observations have shown that 
helium and charcoal have no inconsiderable affinity at the boiling point of 
the former, which is within five degrees of the absolute zero, the molecular 
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heat of absorption (apart from that due to liquefaction) of htlium at that 
temperature being apparently as high as about sixty caL.tries. The proof he 
has also given that helium alone does not convey an electric discharge is 
also of significance since the passage of a discharge tlu’ough it under ordiiiury 
conditions is an indication that it can be included with other substance? in 
a conducting system. Such evidence as there is therefore points to the 
elements under discussion being different from the others only in the degree 
of stability of their molecules. 

Of late years the difficulty of classifying the elements has been increased 
rather than diminished, not merely because of the discovery of the inert 
gases but also on account of the apparent impossibility of ordering the posi- 
tion of an element such as tellurium in accordance with its atomic weight. 
There appears to be little room left for doubt that the value cannot be far 
removed from that of iodine ; it should be considerably lower. It may be 
pointed out that the accepted value of selenium is closer to that of bromine 
than would be expected if a relationship were maintained corresponding to 
that between chlorine and sulphur. It would seem that IMendelejefi’s original 
conception of the elements as a simple series in which the properties are 
periodic functions of the atomic weights must be abandoned in favour of 
some more comprehensive scheme. From the chemist’s point of view, it is 
impossible to abandon the guiding principle underlying the arrangement in 
family groups, which dates back to Dumas ; perhaps insufficient attention 
has been paid in the past to the maintenance of this principle. 

Taking into account this principle, it is impossible to arrange a long 
series of elements such as the rare earths continuously in order of atomic 
weight, as they would be brought into every family in the table by such a 
procedure ; the difficulty has been got over by Brauner, who has proposed 
to arrange a large number of the rare earths in a single vertical series under 
barium. Biltz has made a similar proposal. 

The principle had been advocated by me previously in an article WTitten 
for the ‘ Encyclopedia Britannica.’ ^ 

In the arrangement I have proposed, it is not only assumed that there 
may be as many as sixteen vertical series of elements of which the elements 
from hydrogen to oxygen are initial terms, some series being at present un 
represented, it is also suggested that groups of elements occur in perhaps 
four of these series, numbers 4, 8, 12 and 16, the largest being that of the 
so-called rare eartlis in series 8. 

The principle which is assumed to be in operation is that wdiich is so' 
clearly manifest in the case of hydrocarbons : successive vertical series of 
elements correspond to successive isologous series of homologous hydro- 
carbons. In the case of the hydrocarbons, the passage from one isologous 
series to another often takes place from a term several places removed from 
the origin of the series — for example, from benzene, CbHb, which may be 
regarded as primarily a derivative of hexane to naphthalene, CioHs, which is 
not an immediate derivative of benzene but of butylbenzene. It is conceiv- 
able that at the genesis of the elements a process was at work corresponding 
to that by which a hydrocarbon such as naphthalene is derived from benzene 
and by which the former then serves in turn as the point of departure for 
more complex hydrocarbons of other series. There is no reason, from this- 
point of view, why progression should not take place along a particular 
line and that terms should exist in a series through which this line passes 
but below it — for example, that antimony and iodine may bear a direct linear 
relationship but that tellurium, instead of being the element in the pro- 
gression series in the oxygen group, is a homologue of greater weight. The ' 

^ Of. Hoy. Soe, Proc., 1902, vol. Ixx. pp. 86-91. 
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same view may be taken of selenium. In this way, it would be possible to 
maintain selenium and tellurium in the oxygen-sulphur series, from which 
they cannot well be separated, whilst retaining Mendelejeff’s conception of a 
genetic relationship along the series. The only departure involved is in 
assuming that instead of forming a single linear series ascending regularly 
in spiral progression — a series which can, as it were, be strung on a single 
spirally wound cord—the elements closely simulate a series of homologous 
isologous hydrocarbons. From this point of view, it is easy also to under- 
stand that some vertical series are unrepresented. 

In discussing the chief attributes of the elements none is so difficult to 
deal with as that of valency, using the term in the broadest possible sense, 
not merely as indicative of the number of units of affinity but as including 
the, at present, all but incomprehensible problems of residual affinity and 
elementary character. I discussed the subject somewhat fully in my former 
address, dwelling especially on the properties of negative elements and 
their power of acting as linking agents; this view has met with ample 
confirmation in the interval and will, I believe, be found to be of wide 
application in the future. I have already referred to the manner in which 
it is exemplified by silica. 

The greatest advance in the discussion of the problems of valency in 
recent years is that made by Barlow and Pope, as their method of treatment 
is one which applies to solid substances— the correlation of structure with 
■crystalline form which it effects promises to be of far-reaching importance. 

Apart from hydrogen, carbon is the one element of certain character, 
■always acting as a tetrad — its affinities may be only incompletely satisfied 
but they are always exercised, it may be supposed, even in ethenoid and 
similar compounds ; carbon monoxide apparently is the only exception to 
this rule, its relative inactivity being one of the most puzzling enigmas of our 
science, especially as the oxide becomes one of the most active of known 
substances when only two atoms of hydrogen are added to it. Most other 
■elements (non-metallic) seem to vary in valency, the valency beyond a 
•certain minimum being dependent on the nature of the association. Of late 
years, attention has been drawn in particular to the quadrivalency of oxygen 
in many of its compounds. 

The quadrivalency of sulphur in substances such as trimethylsulphonium 
iodide, MeaSI, having been proved to demonstration by the production of 
optically active compounds of this type (Pope and Peachy), it can no longer 
be supposed that in such cases we are dealing with compounds in which 
the negative constituents of the parent molecules are conjoined, e.g., 
Mel : SMe^. And yet we must contemplate the existence of such compounds 
as possible — in the case of nitrogen, for example, as ammonia must be sup- 
posed to form the compound NH3:OH2 in preference to the hydroxide 
NH4*0H, the latter being only a very minor constituent, the former the 
major component of the aqueous solution of the gas ,* hydrogen chloride, on 
the other hand, appears only to afford one product with ammonia, viz. 
NH^'Cl. The existence of such differences affords clear proof in the case of 
the nonmetallic elements other than carbon that valency is not merely a 
variable but also a reciprocal or dependent function. 

There is no reason to suppose that hydrogen ever acts otherwise than as a 
simple monad ; and the behaviour of the alkalies and alkaline earths in 
salts would seem to justify the conclusion that they have no tendency to 
vary in valency, were it not for the existence of well-defined non-volatile 
hydrides of these metals which are clearly substances of some degree of 
molecular complexity. Such compounds are illustrations of the difficulties 
which surround the subject. It has long been clear that the exhibition of 
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the higher valency by an element is a process of a difierent order from that 
manifest when it exerts only its lower proper valency measured in terms of 
positive radicles such as H or CnHon^i radicles. AVhat that difieience is 
we are not able at present to decide — carbon (together rvitli silicon) differs 
from almost all other elements especially in combining with hydrogen and 
analogous radicles to the extent of its maximum valency. 

The proposition I made in 1888 {Fhil. Mag., Series V., 25, 21) that the 
valency lines should, in some cases, be represented as passing tlxrough the 
atom, so that each is capable of acting in two directions, is the only con- 
sistent mode of expressing varying valency wdiich has been devised, the 
only one, moreover, by which attention is drawn to the great difference. 

In many cases probably there has been a tendency to exaggerate the 
valency value — in the case of chlorine, for example, in assuming that it 
functions as a heptad in the perchlorates. In this and many other instances, 
it suffices to assume that the chlorine and oxygen atoms are united in a 
closed ring, the chlorine functioning as a triad. Some such exj^lanation 
will doubtless be given of the structure of the metallic ammonias and similar 
compounds. The co-ordination values introduced by Werner serve only to 
establish certain empirical relationships and are useful for the purposes of 
classification. The perhaps more rational plan of dealing with such com- 
pounds suggested by Abegg has a similar value. 

It is to the advantage of the hypothesis formulated by Barlow and Pope 
that the elements are represented as of constant valency in so far as their 
relative volume spheres of influence are concerned — the compound in which 
the higher valency is manifest being derived from that of lower valency by 
the opening out of the close packed arrangement and the insertion of certain 
new elements ; but the fact that in such cases the volume is altered not in one 
direction alone in the crystalline structure but proportionately in all direc- 
tions would seem to show that the volume sphere of atomic influence does 
actually change ; the change is one, however, which affects ail the atoms in 
the complex proportionately. 

At present, unfortunately, our methods of treating the problems of 
valency are such that we cannot in any way give expression to the energy 
side of the phenomena. 

Of late there has been talk of electrons in this connexion but what is 
said is little more than superficial paraphrase, in the advanced scientific, 
slang of the day, of the ideas which have long been current. When, follow- 
ing Odling, we represent valency by dashes written after the elementary 
symbol, we give clear expression by means of a simple convention to certain 
ideas that are well understood by all among us who are versed in the facts ; 
to speak of electrons and use dots instead of dashes may serve to mislead the 
unwary, who hang on the lips of authority, into a belief that we have 
arrived at an explanation of the phenomena but those who know that we 
have reached only the let-it-be-granted stage and who feel that the electron is 
possibly but a figment of the imagination,^ will remain satisfied with a 
symbolic system which has served us so long and so well as a means of giving 
simple expression to facts which we do not pretend to explain. Not a few 
of us who listened to the discussion of the nature of the atom at Leicester 
could not but feel that the physicists knew nothing of its structure and 

^ In my opinion the experimental evidence is in no way satisfactory. It appears 
to me to be desirable that in studying the phenomena of electric discharge in gases 
and especially in vapoars of complex substances, the horrible pitfalls should be 
taken into account with which the field of work is studded ; unless every precaution 
to secure purity — precautions such as Baker and Dewar have taught us to use — be 
taken at every step, the conclusions based on all such observations must be open 
to grave doubt. 
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were wildly waving hands in the air in the endeavour to grasp at an 
interpretation which would permit of mathematical interpretation being 
given to the facts. Until the credentials of the electron are placed on a 
higher plane of practical politics, until they are placed on a practical plane, 
we may well rest content with our present condition and admit frankly that 
our knowledge is insuiBEicient to enable us even to venture on an explanation 
of valency. 

In 1885 and again in 1888, I ventured to call in question the interpreta- 
tion of valency which Helmholtz had given in the Faraday lecture in 1881. 
On the present occasion, I would insist still more emphatically on the in- 
sufficiency of the atomic charge hypothesis; especially that it affords no 
satisfactory explanation of variable valency and of those fine shades of 
difference which are manifest, especially in the case of nitrogen, when the 
radicle attached to the dominant element is varied. In 1885 I discussed this 
question with reference to the nature of electrolytes and questioned the con- 
clusion Helmholtz arrived at that electrolytes belong to the class of typical 
compounds the constituents of which are united by atomic affinities, not to 
the class of molecular aggregates. The opinion I then ventured to give was 
as follows : — 


_ ‘ The current belief among physicists would appear to be that primarily the 
dissolved electrolyte — the acid or the salt — is decomposed almost exclusively. 
We are commonly told that sulphuric acid is added to water to 771 nice it conduct 
but the chemist desires to know why the solution becomes conducting. It may 
he that in all cases the “typical compound” is the actual electrolyte— i.e. the 
. body decomposed by the electric current— the octlon only tnJces place when 
the typical compounds are conjoined and form the molecular aggregate, for it 
, is an undoubted fact that HCl and H^SO, dissolve in water, forming “ hydrates.” 

, This production of an “ electrolytical system” from dielectrics is, I venture to 
think, the important question for chemists to consider. I do not believe that 
we shall be able to state the exact conditions under which chemical change wifi 
take place until a satisfactory solution has been found.’ 


The position is not very different now. Although the propagation of 
the ionic dissociation cult has assumed the form of a fine art, we are 
•still as far as ever from agreement as to the nature of chemical change ; the 
•speculation has not helped us in the least to clarify our ideas ; at most we 
learn that interactions are between ions and even these, as a rule, are 
supposed to remain apart until they enter into the solid state. Throughout 
all these years I have never varied my opinion that the dissociation hypo- 
thesis is incompatible with the facts. On more than one occasion I have 
stated definite reasons which induce me to deny its usefulness^ and these 
arguments have never been met; in fact, there has been little but a con- 
spiracy of silence on the part of the upholders of the creed. 

A l^ge amount of work bearing on the subject has been done, chiefly 
by H. Brereton Baker. Strangely enough, no proper notice of his results 
has been taken outside England and even there the importance of the 
observations has not been sufficiently appreciated. Perhaps the most 
remarkable feature in the situation is that Baker himself scarcely seems 
to be alive to the meaning of the evidence which he has supplied ; the attitude 
which he has displayed in his recent Wilde lecture can only be described 
as halting Baker has shown, in case after case, that the occurrence of 
cnange IS dependent on the presence of moisture, his greatest feat perhaps 
being the observation that it is possible not only to prepare nitrous 


70 Jfov.floo 1880 , 40 , 208 ; 1902 , 
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anhydride in the solid and liquid states but to volatilise it unchanged if 
only water be excluded. 

I venture to think there is only one point of view from which tlie problem 
of chemical change can be approached, that, namely, which we owe to 
Faraday — to which hitherto justice has in no way been done — on which I 
dwelt persistently in my previous address : that the forces termed chemical 
affinity and electricity are one and the same. In every case of chemical 
change there is a coincident electrical change, an electric flux; on the 
other hand, every case of electrical change is accompanied by chemical 
change, some alteration in molecular configuration is effected ; the force of 
chemical affinity is in some way disturbed by a momentary displacement of 
the molecules when a current passes through a conductor. Such being the 
case, the conditions determinative of chemical change can only be those 
which permit of an electric flux. Two substances in apposition do not 
give rise to a current; at least three are required to determine a slope of 
potential. Chemical change can only take place if one of the three be an 
electrolyte. In all cases apparently the chemical change supervenes upon 
the electrical, the electrolyte being resolved into its ions, one of which at 
least combines coincidently with the adjacent electrode. Apparently these 
considerations are applicable to changes generally. And it should be added 
that, according to this view, the catalyst actually determines the occurrence 
of change. 

The only other criterion which it is necessary to apply in order to 
decide whether change be possible in any given case is to consider if the 
change contemplated be one involving development of * energy. It is 
important to remember also that a change which could not otherwise take 
place becomes possible when a suitable depolariser is introduced into the 
circuit. 

The evidence that similar considerations apply to the gaseous and the 
liquid states cannot well be gainsaid. Before framing a theory of chemical 
change it is therefore necessary to formulate a definition of an electrolyte. 
It is doubtful if any single substance be an electrolyte ; the conductivity of 
fused salts may well be and probably is conditioned by some admixture. 
Aqueous solutions of alkalies, acids and salts without exception are elec- 
.trolytes. Everything points to the fact that in such solutions the solvent 
and solute act reciprocally ; the contention that the solute alone is active 
■ cannot he justified. As water is altogether peculiar in its activity as a 
solvent and is a solvent which gives rise to conducting solutions, an 
explanation of its efficiency must be sought in its own special and peculiar 
.properties. 

Since 1886 this conclusion has been impressed upon me with indisput- 
able force and I have frequently ascribed the effect produced by the one 
constituent upon the other in a solution to the residual affinity of the 
negative elements in the two compounds which act reciprocally. It was 
only recently, however, that I saw my way to postulate a complete theory 
which would serve to account for the properties of solutions and generally 
that I realised how the reciprocal effect might be produced. 

I would substitute for the misleading conception that liquids are com- 
parable in their behaviour with gases the idea that the liquid state is one 
m which the residual affinity of the negative elements in particular always 
comes into play and causes the formation of molecular aggregates of various 
degrees of complexity; moreover, that the alteration in the properties of 
any given solvent by the dissolution in it of another substance is largely 
. and, in some cases, mainly due to a disturbance of the equilibrium natural 
to the solvent by an alteration in the proportion in which the several 
aggregates are present. The alteration in some particular property pro- 
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duccd in a given mass of the solvent may, from this point of view, be taken 
as the measure of the activity of a substance, just as the alteration in the 
pressure of a particular volume is taken as the measure of the alteration 
produced in a gas. In the case of non-electrolytes, if only a small amount 
of the solvent be withdrawn by combination with the solute, the alterations 
may be^ regarded as almost entirely due to the ‘ mechanical ’ interference 
of the substance introduced, opportunity being given for the simpler, more 
attractive molecules of the solvent to exist in greater proportion because of 
the diminution of the chance of reuniting which is conditioned by the 
presence of practically inert molecules of another kind ; if a more or less 
considerable amount of the solvent become associated with the solute the 
conditions become more complex but similar considerations apply. From 
such a point of view a liquid is rendered more active by the addition of 
any soluble substance. Its vapour pressure is therefore diminished; the 
internal ‘ osmotic ’ stresses are raised ; its freezing-point is lowered. 

Although it is generally admitted that water is not a uniform substance 
but a mixture of units of different degrees of molecular complexity, the 
degree of complexity and the variety of forms is probably underestimated 
and little or no attention has been paid to the extent to which alterations 
produced by dissolving substances in it may be the outcome and expression 
of changes in the water itself. The attempt to extend the ‘ laws ’ which 
are applicable to the gaseous state to liquids has led us away from the 
truth by narrowing our conceptions. If the contention be justifiable that 
the alterations attending dissolution are very largely alterations in the 
character of the water, attention has been directed of late far too exclusively 
to the dissolved substance. 

To give emphasis to the view, I have advocated ^ the restriction of 
the name water to the liquid mixture and have proposed that the simple 
molecule represented by the symbol OHo be termed By drone. The generalised 
expression 

may be considered to be representative of the state of equilibrium in water — 
that is to say, of the character of the change wliich it undergoes when the 
conditions are varied either physically or by dissolving substances in it — 
in the sense that it pictures the resolution of the more complex into simpler 
forms and vice versa, without taking into account, the variety of molecular 
forms (a?, x\ . . . .) which are present. 

It is probable that the agreement between ‘ theory ’ and practice on 
which reliance has been placed, particularly in interpreting osmotic pheno- 
mena, is more often than not only apparent and fictitious and but the outcome 
of counterbalancing effects which have been left out of account. We are toe 
prone to believe in constants; we need to remember that, except perhaps 
in the case of the perfectly gaseous state, constants are dependent TaviahUs. 
To take an example, it is assumed that glucose and cane sugar produce 
like osmotic effects when nsed in equivalent proportions ; indeed, it has been 
the fashion of late years to treat non-electrolytes as harmless neutrals : in 
point of fact they differ as much in behaviour as do electrolytes and such a 
conclusion must be viewed with the gravest suspicion. Recently Dr. Eyr© 
and I have been able to show that three substances so similar as methylic, 
ethylic and propylic alcohols produce effects in precipitating salts from 
solution which are markedly different, propylic alcohol being the most effec- 
tive although the least soluble. .It is clear that the precipitant does not act 
mainly by itself combining with and withdrawing water in direct com- 

^ Bo]/. Soa. Proc. 1908, 31, 80 ; Science Progress, Jan. 1909c 
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petition with the salt; but that it promotes the dissociation of water by the 
mechanical interposition of its molecules : in fact, that the ‘ dehydrating ’ 
powers of the water are enhanced owing to the increase in the proportion of 
simple molecules in the liquid conditioned by the presence of the solute. 

The same effect is obvious when the reduction of the electric conductivity 
of a salt such as potassium chloride by equivalent quantities of the three 
alcohols is considered. This amounts to about 6 per cent, in the case of 
methylic, 12 in that of ethylic and 17 in that of propylic alcohol; the 
reduction effected by glucose, however, amounts to about 27 and that 
effected by cane sugar to no less than 42 per cent. In these two latter cases 
the amount of water actually withdrawn from the solution by the sugar is 
probably considerable and the ‘ mechanic.al effect ’ of the solute is there- 
fore exercised in a more concentrated solution — ^more concentrated, that is 
to say, than those in which the alcohols act. If, therefore, solutions of 
glucose and -cane sugar of equivalent strength produce like osmotic effects, 
it is because unperceived compensating factors are at work in the solutions 
which in algebraic sum have the same aggregate influence. 

To explain the effect produced by substances which give rise to con- 
ducting solutions when dissolved in water (acids, alkalies and salts), it is 
necessary to consider the special nature of the changes which may be sup- 
posed to attend dissolution in such cases. Why, it may be asked, is an 
aqueous solution of hydrogen chloride a conductor whilst that of alcohol 
is a non-conductor? I believe the answer to be that it is because, in the 
former case alone, the two components of the solution are reciprocally dis- 
irihuted; that it is because two correlative systems — 

A 

and HoOq 

“ \C1 

are produced which interact under the influence of the electric stress.^ In 
the case of alcohol no such interchange talces place. ■ It may be that the 
alcohol is hydrolated to some slight extent but the hydrol must be less 
basic than hydronol ; probably, like ammonia, alcohol exists in solution for 
the most part in the hydronated state: — 

EtHO<f EtHOHOII. 

\OH \OH 

Hydronol. EthanohbydroL Ethanol-hydrone, 

Much more must be learnt of the properties of solutions before definite 
decisions can be arrived at with regard to such delicate and refined issues. 

I would apply the interpretation here given of the nature of conducting 
solutions generally to the explanation of all cases of chemical change : in 
other words, I assume that in all cases correlative systems are present 
which are formed by the reciprocal distribution of the interacting sub- 
stances. From this point of view the solvent is no mere medium but an 
active participant in the series of interchanges of which, as a rule, only 
the final product is noticeable. 

The solution thus offered of the complex problem discussed very fully in 
my Address in 1885, which has ever since occupied my thoughts, will, i 
trust, be found to be helpful, although by no means complete in all its 
details. 

^ I would repeat the plea I put forwaid in 1885 that the use of the term hydro- 
chloric acid as applied to hydrogen chloride is undesirable if not unjustifiable ; the 
solution of the gas may be said to contain chlorhydric aeidj HCl (OHJx, hroni 
my point of view, oxygen is a constituent of all acids. 
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Ill effect; tlie doctrine makes no demand which the chemist should not 
be able to grant forthwith; as it is generally supposed that hydrols are 
easily formed— to give an example, in the case of the conversion of chloral, 
CCh.COH, into chloraldehydrol (chloral-hydrate), CCl3.CH(OH),. The 
novelty of the conception lies in supposing that the occurrence of electro- 
lysis involves the interaction of the hydrol and its correlative and the 
explanation which it affords of the difference between electrolytes and non- 
electrolytes. 

It is essentially an association theory, although it involves the dissocia- 
tion of the interacting substances but never the production of separated ions. 
In the case of aqueous solutions the amount of the distributed substances 
may be taken as the measure of the activity— of the degree of ionisation, 
so-called, A wrong view prevails that the so-called molecular coii- 
d activities are measures of activity; they are in reality only measures of the 
relative activities under corresponding conditions of the substances to which 
they refer. The molecular conductivity of an acid is at a maximum in 
its weakest solutions : presumably it is then present to the maximum extent 
in its simplest state and in the active hydrolated state ; but as a hydrolytic 
agent its activity is at a maximum near to the opposite end of the scale. In 
other words, the hydrolytic activities . of a series of acids are in the order 
of their molecular conductivities in solutions of comparable strength but 
molecular-hydrolytic and molecular-electrolytic activity run in opposite 
directions; the maximum electrolytic conductivity of an acid solution, 
which is manifest at a particular degree of concentration — presumably at 
the point at which the two forms of the distributed materials most nearly 
balance— is also in no way identical with maximum molecular hydrolytic 
activity. On these assumptions not a few of the deductions based on the 
ionic dissociation hypothesis are clearly fallacious. 

It has been asserted that the association hypothesis does not admit of 
quantitative treatment and that therefore it is at a disadvantage ; but if 
the quantitative meaning given to various results in accordance with the 
tenets of the dissociation hypothesis be more often than not one \vhich is 
inadmissible, little is gained by applying the speculation quantitatively. As 
already remarked, the only cases in which chemical and electrolytic activity 
can be compared by the methods proposed are those in which the comparison 
is made between solutions of comparable or equivalent strength — that is 
to say, between compounds arranged in vertical series in the order of their 
activity.^ Electrolytes are comparable in most, if not in all, tluhr pro- 
perties when the comparison is made in this way ; but order of activity is 
one thing, actual activity another. It is in this sense, and this sense only, 
that we may agree with Arrhenius in his statement, ‘ L’aotivite eleetro- 
lytique se confond avec I’activite chimique.’' 

The ionic dissociation hypothesis is a beautiful mare’s-ucst, wliich fails 
apparently to fit the facts whenever it is examined. ‘Ami the moral of 
that is,’ to quote the words of the classical Duchess so well known to 
children, ‘ we must not use the words ion and intiimtion in any spcvulative 
sense but confine their application to cases such as were contem])laied by 
Faraday when he introduced the term ion; the conception of activity 

^ Solutions of acids and alkalies have maximum conducting power at certain 
relatively high degrees of concentration. Hydrolytic activity also im-reases 
steadily in the case of acids as the solution becomes more coiiccntralod ; whether it 
attains to a maximum and whether this coincides with the conductivity maximimi 
is iincertam at present; it is very difFicult to decide this point (ixperiimMilally, as 
the rate of change is so rapid in strong solution ; moroover, the action talu's anothej’ 
course in strong solutions, ,ae compounds are formed by the inttu'jiction of the 
hydrolyte and hydrolist, so that two changes are superpokul wliich i-aainot well be 
followed separately. 
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wlietlier electrolytic or chemical, should alone be attached to such words; 
no idea of actual, separate, individual existence should enter into our 
minds in using them : the ion is to be thought of merely as the potentially 
active, transferable radicle in a compound, not as a separated particle 
enjoying independent existence.’ It is so easy to speak of dissociation wdien 
it is desired to give expression to the idea ; the first thing the scientific 
speaker or writer should guard against is ambiguity. 

The subject of gaseous interchanges must not be left out of account, 
although it is impossible to do justice to it. Mendelejefi’s contention that 
gaseous interchanges are usually bimolecular has been defended by Dixon 
and Larinor of late. But the facts must be faced. The almost incon- 
ceivahle frequency of the molecular impacts must not be forgotten. The 
extraordinary attractive power of the hydrone molecule is also to be 
remembered — this would tend to promote the formation of aggregates with 
which the necessary third substance would every now and then form a 
bimolecular system — which, however, would in reality be at least trimolecular. 
The proportion of hydrone molecules in a dried gas has probably been 
under-estimated — the density of hydrone being very low (9)~ as no dehy- 
drating agent can be supposed to remove all such molecules or even nearly 
all ; the hydrated substance must have a certain pressure of dissociation. 
Sir James Dewar’s appears to be the only method which is in any way 
deserving of the epithet absolute ; the results he has obtained with helium 
in a radiometer are strongly in favour of my view. Lastly, the gradual 
growth in velocity of the explosive wave up to the point of detonation as 
the compression becomes greater is clear indication that reduction in volume 
and increase of opportunity for the formation of systems of the proper 
degree of complexity is a matter of great consequence. Even the behaviour 
of cordite is significant, particularly the projection of unburnt rodlets of 
the material from the gun: apparently it is not decomposed by shock 
intramolecularly but is decomposed by heat into gases, which interact 
explosively. 

Having dealt with the subjects of chemical change and the nature of 
solutions, however inadequately, I must now endeavour to justify my open- 
ing reference to the importance of the organic side of our science. 

The province of organic chemistry is so vast that it may appear to be 
difficult to distinguish the main lines of advance from the by-paths wdiich 
intersect the field of inquiry in every direction. In reality this is not 
the case ; certain salient features stand out which must attract attention 
if once attention be drawn to them. The efforts of the chemist to elucidate 
structure and to correlate structure with function have been extraoi'diiiarily 
successful. In the first place, as already remarked, the student of the 
subject now has his attention concentrated on tlie tetrahedron as the symbol 
of the functional activity of carbon ; however numerous the compounds, he 
knows that certain simple rules can be laid down as applicable to all. It 
is established beyond question that carbon atoms have a remarkable ten- 
dency to form ring systems. The affinities of the atom seem to act almost 
rigidly in certain directions, which appear to be those of lines drawn from 
the middle point of a regular tetrahedron to its angular points. Rings 
containing either five or six atoms of carbon are therefore those which are 
most readily formed and of maximum stability ; carbon atoms may and do 
unite in pairs, threes and fours but compounds of this order are far less 
permanent than those containing either five or six atoms, as the affinities 
appear to meet in such a manner that they do not satisfy each other and 
consequently the compounds enter somewhat readily into combination with 
other substances. When the number of carbon atoms exceeds six, not only 
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is there less tendency to form a ring system but the stability of the system 
is slight ; when tlie number is considerable, stability is attained by the 
formation of complex systems, consisting of several rings conjoined 
(camphor, naphthalene, anthracene, &c.). 

The behaviour of carbon compounds generally, in so far as this may be 
regarded as dependent on the condition of the carbon, is extraordinarily 
simple and may be summed up in the statement that it is either paraffinoid, 
ethenoid or benzenoid/ Paraffinoid carbon is incapable of combining with 
other substances and but slightly attractive, so that the hydrogen atoms are 
by no means easily displaced from paraffinoid compounds " ; ethenoid carbon 
combines readily with various substances, forming compounds of paraffinoid 
type ; in the benzenoid state, carbon appears to combine somewhat readily 
with a variety of substances but the products enjoy only an ephemeral 
existence and usually escape notice, as they at once break down, giving 
rise to benzenoid substitution derivatives, so that in this last form carbon 
simulates the paraffinoid state but is more active. 

In earlier years our attention was concentrated on benzene and the 
benzenoid compounds ; much was done to elucidate the structure of these 
hydrocarbons and of their derivatives ; meanwhile these latter have proved 
to be of extraordinary significance technically, notably as dye-stulfs but 
also on account of their medicinal value, as perfumes and in photography. 

The structure of benzene has been the subject of much discussion during 
the period under consideration. I trnst I shall not be acumsed of parental 
bias if I urge that the centric “ formula is the best expi’ession of the 
functional activitij of the hydrocarbon benzene and its immediate deriva- 
tives ; the attempts which have been made of late years to resuscitate the 
Kekule oscillation hypothesis in one form or anothei’ apjjear to me to be 
devoid of practical significance. Any formula which represents benzene as 
an ethenoid must be regarded as contrary to fact. But in considering the 
properties of benzenoid compounds generally, it is necessary to make use of 
the Kekule conception as well as the centric expression. The model of 
benzene devised by Barlow and Pope subserves a somewhat different and 
complementary purpose, being primarily of importance on the geometric 
side in discussing the relation of form to structure,'^ 

^ A fourth condition requiring recognition is that of tlie carbon in acetylene ; 
at present the acetylene compounds are so few in number, however, that this form 
may be left out of account. 

^ The displacement of the hydrogen associated with carbon is in all probability 
a secondary phenomenon ; it is likely that this is true generally and that hydrogen 
is never merely removed or attracted away but always has its place taken by a 
radicle which becomes temporarily attached to the multivalent atom with which 
the hydrogen is associated. 

^ I have discussed this matter somewhat fully in a recent essay, witli reference 
to the nature of amorphous carbon, in connexion with the remurkahle work of 
Sir James Dewar on the absorption of gases hy charcoal at low temperatures 
{Journal of tlie, IJoyal Imtitution). 

^ The time is now appi'oaching wdren it wall be |K)ssible to oxtcuid the study of 
benzenoid compounds beyond the formal and su]ierficial stage ; hitherto we have 
been content to develop the methods of preparing such substances and to determine 
their number and their distinctive properties. Everything has to be learnt as to 
the exact character of the changes which attend their formation from the pai'cnt 
pbstance benzene and as to the exact nature of their inter-relationship. The 
impression produced by benzene, in my mind, is that of an eminently plastic 
system capable of responding to every slight change that may be im])rcssed upon 
it. Nothing is more remarkable than the differom'.e between benzene and its 
homologues, so obvious in the extraordinary increase in activity which attends the 
introduction of hydrocarbon radicles in place of one or more hydrogen atoms. 
But such plasticity is not characteristic of benzene only : if tlie properties of 
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The discovery of trimethylene by Freund and the subsequent introduc- 
tion of synthetical methods of preparing polymethylenes by W. H. Perkin, 
jun.j mark the onset of a new era, opening out as they did the possibility of 
understanding the structure of camphor and the terpenes and other con- 
stituents of the volatile oils from plants. 

Chemist after chemist had attempted in vain to solve the riddle pre- 
sented by camphor. Suddenly, in a moment of inspiration, a satisfactory 
solution of the problem was offered by Bredt. The acceptance of the bridged 
ring, the special feature of the Bredt formula of camphor, marks the intro- 
duction of a new moment into organic chemistry. 

The recognition of similar rings in several hydrocarbons of the terpene 
class,, mainly in consequence of the masterly work of von Baeyer, has con- 
tributed in no slight degree to an understanding of these compounds ; 
nevertheless, much remains to be learnt and there are many and serious 
difficulties to be overcome before we shall be in a position to appreciate the 
genetic relationship of all the substances included in the group. When the 
account of the work is written it will form one of the rnost striking and 
fascinating chapters in the history of our science. 

Among the many names of those who have contributed to its development 
the first to be mentioned is that of Wallach, to whose unwearied efforts, 
continued during a long series of years, so much is owing. The synthetic 
work carried out with brilliant success in recent years by W. H. Perkin 
may also be referred to as of extraordinary promise but of wellnigh incon- 
ceivable difficulty. 

Before leaving this chapter reference should be made to the almost 
protean character of camphor, as disclosed by the work of inquirers such 
as Kipping, Pope, Forster, Lap worth and Lowry ; no other substance has 
lent itself to use in quite so many directions and with such fruitful results. 
Special mention may be made of the demonstration which Pope has given, 
with the aid of the camphorsulphonic acids, that nitrogen, sulphur, 
selenium and tin give rise to optically active substances in all respects 
analogous to. those furnished by carbon. The success with which Kipping’s 
arduous labours have been crowned is also very noteworthy, taking into 
account the many difficulties he has overcome in preparing optically active 
silicon compounds. The extension of the Pasteur- van’ t Hoff theory of 
asymmetry inferentially to all elements which are at least quadrivalent, 
now accomplished, is of superlative importance. 

Lowcy’s refined observations on the conditions which determine the 
interconversion of isodynamic forms of some of the camphor derivatives. 

benzene-sulphonic acid be contrasted with those of the various substituted benzene*- 
sulphonic acids, it is clear that every variation meets with some response from 
the sulphonic group; what is still more remarkable, if the hydrogen in the 
hjdroxylic group in the phenolsulphonic acids be displaced by other radicles, not 
only does the oxygen atom to which the radicle is attached seem to respond to the 
change but the benzenoid system and the still more distant sulphonic system are 
also affected. It is well known that the physical constants are all variables in the 
case of benzenoid compounds. Perhaps the most remarkable confirmation of the 
view here advanced, however, is that afforded by the conclusion arrived at by 
Barlow and Pope that in the case of benzene derivatives, although the spheres of 
influence of the carbon and hydrogen atoms are relatively the same as in the 
parent compound, the spatial arrangement of the component spheres of atomic 
influence remaining practically unchanged, nevertheless the actual volumes of the 
spheres of influence of both carbon and hydrogen alter proportionally to the altera- 
tion in -molecular volume. Thus they maintain that in the case of the conversion 
of benzene (molecular volume 77*4) into tetrabromobenzene (molecular volume 
130*2), the volumes of the spheres of influence of both carbon and hydrogen expand 
in the ratio of 77.4 : 130.2. Such a conclusion is very noteworthy. 
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may also be cited as of special value as a contribution to the study of 
metamerism and the conditions which determine chemical change generally. 

Not the least interesting feature of camphor is the light thrown by its 
behaviour on the influence which oxygen exercises as an attractive element 
and on the part which spatial configuration may play in determining 
directions of change. It is clear that, whatever the agent, the attack is 
always delivered from the oxygen centre and that the direction in which 
the attack becomes effective depends on the position which the agent can 
take up relatively to the various sections of the molecule. ^ 

It must be confessed that our efforts to penetrate behind the veil in the 
case of the higher earbohydrates—starch and cellulose in particular— have 
not been rewarded with success. 

Moreover, though much has been done of late years to unravel the nature 
of the vegeto-alkaloids, substances such as quinine are still only partially 
deciphered and not one of the more complex alkaloids has been produced 
synthetically. In view of the fact that quinine is still the one effective 
and practically safe anti-malarial medicine, the disclosure of its constitution 
is much to be desired. The isolation of adrenaline from the suprarenal 
capsule and the discovery that this alkaloid — which is an extraordinarily 
active substance physiologically— plays a most important part in controlling 
vital processes is of supreme interest. Other glands — the pituitary gland, 
for example— appear to contain peculiar active substances, which are of 
particular consequence in regulating animal functions. The discovery of 
such substances affords clear proof that life is largely dependent on what 
may be termed chemical control. 

In addition to indigo, the simpler yellow and red natural colouring- 
matters have now been thoroughly examined but this class of substance still 
affords abundant opportunity to investigators. Kostanecki's comprehensive 
studies of the xanthone group may be referred to as of particular value. 

Attention may be directed here to the investigation of brazilin and 
haematoxylin by W. H. Perkin and his various co-workers, not merely as 
being full of interest and importance as a contribution to our knowledge 
of the. relation between colour and structure and as a brilliant example of 
technical skill but because of the illustration it affords of the extreme in- 
tricacy of such inquiries and of the vast amount of labour they entail. The 
general public probably has not the slightest conception of the difficulties 
which attend such research work and of its costliness. 

As an investigator of vegetable colouring-matters, no one has been more 
assiduous or has displayed greater skill of late years than A. G. Perkin. 
His recent refined investigation of the colour-yielding constituents of the 
indigo plant is of exceptional value at the present time, altliough it is to be 
feared that it comes too late to save the situation in India. The work of the 
brothers Perkin, it may be pointed out, is of exceptional interest on the 
human side as well as from the scientific standpoint, as their enthusiasm 
and wonderful manipulative skill afford a striking and noteworthy example 
of hereditary genius. 

Two substances of commanding interest which have long resisted attack 
—the red colouring-matter of the blood and leaf-green— are at last going the 
way of all things chemical, as the secret of their nature is being wrung from 
them. In Willstatter’s skilful hands chlorophyll is proving to be by no 
means the fugitive material it was supposed to be ; the complexity of the 
problem it offers, however, seems to he far beyond anything that could have 
■been anticipated ; so much greater will be the interest attaching to tlie final 
solution. The discovery that green chlorophyll is a magnesium salt is of 
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special importance, as the first clear indication of the manner in which 
magnesium salts are of service to plants. 

Apart from the special interest which attaches to the investigation of 
vegetable colouring-matters on account of their being coloured substances, 

. such inquiries are of value as furnishing material for the discussion of the 
metabolic activity of plants.^ 

Even colloids are being brought into line. Studded as they are with 
active centres (oxygen or nitrogen atoms), they seem to be able to attract 
and retain hydrone molecules at their surfaces in ways which give them 
their peculiar glue-like attributes : as a consequence living tissue appears 
to be little short of animated water. 

To the present generation of students, the organo-metallic compounds 
must have appeared to belong to the past ; the discovery of methides of 
platinum and gold by Pope will not only serve to reawaken interest in this 
group of compounds but is of primary importance as a contribution to our 
knowledge of the valency of these elements ; the stability of the platinum 
derivatives is altogether astonishing. 

The discovery announced in June last, at the International Congress of 
Chemistry, by Mond of compounds of carbonic oxide with ruthenium and 
uranium is a striking and most welcome extension of his previous labours, 
which had placed us in possession of carbonyls of nickel, iron and cobalt. 
The metallic carbonyls possess altogether remarkable properties : at present, 
these defy explanation ; nickel carbonyl in particular seems to be an excep- 
tion to ail rules. The complex iron carbonyls made known by Dewar and 
Jones also have most fascinating attributes, the variety of colours they 
display being specially interesting. The marked individuality of the 
members of the iron group as exemplified in their carbonyl derivatives is in 
striking contrast with the tendency they display to behave as related 
elements ; the deeper problems of valency are clearly exposed for considera- 
tion in such peculiarities. 

The discoveries of the special activity of magnesium as a synthetic agent 
and of the superior value of nickel as a catalyst in fixing hydrogen are 
other illustrations of the individuality of metallic elements. We are 
greatly indebted to the French chemists for the invaluable preparative 
methods they have based on the use of these two agents. 


^ But a note of sadness pervades the story. The effect of learning to under- 
stand Nature always appears to be that we at. once brush her aside when we have 
wrested from her the secrets which she has so long preserved inviolate. No sooner 
did we learn the nature of the madder colouring-matters than we proceeded to 
prepare them artificially— -thus putting an end to the cultivation of a valuable crop. 
Indigo is meeting with a like fate, a catastrophe which might well have been 
avoided had scientific assistance been called in at the proper time. Not content 
with making natural colouring-matters, we set to work to outrival the rainbow in 
our laboratories and the feminine world is decked with every variety of colour in 
consequence, although unfortunately our blends too often lack the beauty of those 
of truly natural origin, which rarely, if ever, offend the eye. We congratulate 
ourselves on our cleverness in thus imitating Nature hut no idea of thrift possesses 
us : moreover, our attempts to imitate if not to undo her work are never direct 
but are always made with her aid, with Nature’s product — coal ; we are no longer 
content to ride on horseback but must rush through space and instead of 
watching the birds fly seek to emulate them but always with the aid of fuel' won 
by Nature from the soil and air in days long past. Too much is being done in 
every direction to waste natural resources, too little to conserve them, too little to 
employ man in his proper place— as tiller of the soil. Here lies the chemist’s 
opportunity. At no very distant date, perhaps, when petrol is exhausted, toll 
will be taken from the sun in the form of starch or sugar and this will be converted 
into alcohol. 
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Although satisfactory progress has been made in almost every direction, 
many of the nitrogen compounds are still not properly understood. It 
is clear that we are as yet in no way seized with understanding of the 
attributes of this element as we are of those of oxygen and carbon, particu- 
larly in the case of mixed carbon-nitrogen compounds : we can make nothing 
of the physical data such substances afford. Nitrogen, in fact, is an extra- 
ordinary element, far more remarkable than any other ; its ‘ temper ’ 
appears to vary more than that of any other element according to the 
character of its associates— nothing could be more remarkable, for example, 
than the change in properties from ammonia, NH^, through hydrazine, 
NH 2 .NH 2 , to azoimide, N 3 H. No other element can be so poisonous, so 
immediately fatal to life. We lack a model symbolic of its functions— which 
means that we are unable to fathom its vagaries and reduce them to simple 
order. 

The oximes and the diazo-compounds in particular have given rise to 
much dispute. Stereo-chemical formulae have been assigned to these but 
probably they have little relation with the truth ; although they have been 
of service by supplying symbols which can be offered up at examinations, by 
confining attention they have served to sterilise inquiry. No better illustra- 
tion could be given of the truth of the remark made by my friend the Pro- 
fessor that man is an idolater by nature, a fact that chemists should always 
bear in mind. 

The compounds in question are difficult substances to handle, far too 
prone to undergo change without invitation — it is to be feared that many of 
the conclusions which have been arrived at are based on incomplete if not 
unsatisfactory evidence.^ When I think of the state of our knowledge, I 
am reminded of the father of diazo-chemistry, I^eter Griess and of his 
marvellous experimental gifts ; there is great need of such a man to 
reinvestigate the whole subject. 

If we inquire as to the general effect of the increase of knowledge of 
organic compounds, it is clear that the lessons which emerge from all modern 
inquiries are such as to justify Larmor’s remark that our conceptions of 
structure must be granted more than analogical significance. Everything 
tends to show that function and structure are most closely connected--odour, 
taste, colour, physiological effect, are specific rather than general properties, 
each conditioned in its special variety by some special structure ; we are 
approaching very closely to a time when it should bo possible to discuss such 
properties with considerable confidence. 

Still it must not be forgotten that the problems they offer are all valency 
problems and that the nature of valency eludes us entirely at present. 

The greatest advance which chemists may pride themselves upon having 
made during the past decade or two remains to be considered. In 1885, I 
spoke as follows: — ‘The attention paid to the. study of carbon compounds 
may be more than justified both by reference to the results obtained and to 
the nature of the work before us ; the inorganic kingdom refuses any longer 
to yield up her secrets— new elements — except after severe compulsion ; the 
organic kingdom, both animal and vegetable, stands ever ready before us. 
Little wonder, then, if problems directly bearing upon life prove the more 
attractive io the living. The physiologist complains that probably 95 per 

^ Since this was written, Thiele’s discovery of ‘ Azomethane,’ MeN ; NAIe, ba.s 
been announced. This is described as being, in the solid state, a distinctly 
coloured, very pale yellow substance. There can be little if any doubt, there- 
fore, that, as Bobertson and I have argued, the colourless so-called syn- and anti- 
diazo-salts cannot possibly be compounds of the — N : N — or diazenc type : such 
compounds would all be at least yellow in colour. 
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cent, of the solid matters of living structures are pure unknowns to us and 
that the fundamental chemical changes which occur during life are entirely 
enshrouded in mystery. It is in order that this may no longer be the case 
that the study of carbon compounds is being so vigorously prosecuted. Our 
weapons — the knowledge of synthetical processes and of chemical function — ■ 
are now rapidly being' sharpened but we are yet far from ready for the 
attack.’ 

My forecast has been more than justified ; indeed, the advance to be 
recorded is nothing short of marvellous: the great problems of vital 
chemistry appear now no longer to be unattainable to our intelligence — 
their cryptic character seems to have disappeared almost suddenly. Many 
have contributed in greater or less degree but none in such measure as Emil 
Fischer, whose work both in the sugar group and in connection with the 
albuminoids must for ever rank as monumental. 

It is difficult to appreciate the extent to which the practical genius of 
this chemist has carried us — difficult alike for those who understand the 
subject and those who do not ; the significance of his labours is only 
apparent when the bearing of his results on the interpretation of vital 
phenomena is fully considered. In 1885, we were disputing as to the 
structure of substances such as glucose and galactose ; now we not only are 
satisfied that they belong to the group of aldhexoses (aldoses) derived from 
normal hexane but, taking into account the monumental discoveries of 
Pasteur, to which precision has been given by van’t Hoff’s great genei’ali- 
sation, we are in a position to assign fully resolved structural formulae not 
only to the natural products but to the nine other isomeric aldhexoses which 
Fischer has prepared artificially. 

It is a striking fact that only three of the sixteen possible aldhexoses 
and but a single ketohexose (fructose), of which many are possible, are met 
with naturally. Nature is clearly most sparing, most economical, in her 
use of materials. And not only is this true of the hexoses, as very few of 
the possible lower and higher homologous carbohydrates occur in vegetable 
or animal materials and the condensed carbohydrates (cane sugar, starch, 
&c.), are all formed apparently from the hexoses and pentoses which occur 
naturally. The albuminoids, the alkaloids, the terpenes are also optically 
active substances ; in other words, only a limited number of the possible 
forms are present. There is reason to suppose that the compounds of 
natural occurrence stand in close genetic connection and belong with few 
exceptions to the same series of enantiomorphs ; in no other way is it 
possible to account for the occurrence of one only of the pair of enantio- 
morphous isomerides and for the rfjlatively small number of compounds. 
Moreover, not only the sugars and most of the other products of the dis- 
integration of the albuminoids but also the amino-acids, in like mannei', 
are derivatives of compounds containing at most six atoms of carbon ; the 
fats alone are of a considerably higher degree of complexity but they are 
probably collocations of the simpler units. 

The terpenes and essential oils are mostly C,o derivatives; the alkaloids 
have complex formulse but the units of which they are composed are simple ; 
as all of them ai’e optically active, it is clear that only some of the possible 
enantiomorphous combinations are present. 

We are bound, therefore, to assume that a large proportion of the 
changes which occur in living organisms— which constitute vital meta- 
bolism — are directed changes. What is the nature of the directive power ? 
We are already able to go far in explaining this, although our -knowledge is . 
mainly of analytical changes, the nature of synthetic changes being, at 
present, only inferentially disclosed to us. 

It has long been known that under natural conditions many complex 
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of maltose into starcli must take place in some similar manner. The recent 
observation that cellobiose is a ^-glucoside enables ns to realise that the 
formation of cellulose differs from that of starch in that the glucose mole- 
cule, instead of being converted into the /3-glucoside maltose, becomes 
changed into the correlated ^-glucoside, a membrane being thus secured 
which can resist the diastic enzymes by which starch is attacked. 

The formation of the albuminoid substances may be regarded from a 
similar point of view. At present, however, there is no satisfactory evi- 
dence to show at what stage nitrogen is introduced into the molecule. As 
^ the plant takes up nitrogen in the form of nitrate, not as ammonia, it is 
probable that the nitrate is reduced to hydroxylamine and that this rather 
than ammonia is the active synthetic agent. Formaldehyde and hydroxyla- 
mine would yield formaldoxime, which would easily pass into methylamine 
on reduction ; the interaction of formaldoxime and formaldehydrol might 
give rise to a higher aldoxime which would be easily convertible into amino- 
acetic acid (glycine). Higher glycines might be formed from glycine by 
syntheses similar to those Erlenmeyer has effected ; but to account for the 
formation of asymmetric amino-acids it is necessary to assume that the 
action is controlled at this stage and that the glycine is formed against a 
template perhaps under the influence of an enzyme. 

Another conceivable mode of formation is by the fermentative degrada- 
tion of glucosamine. 

Until we know more of the order in which the amino-acid radicles are 
united in the various albuminoids and of the character of the associations 
other than those which are characteristic of polyeptides, we can consider 
the formation of albuminoids only from a very general point of view ; but 
taking into account the. very different proportions in which amino-acids and 
other cleavage products are formed on hydrolysing substances of different 
origin, it is clear that the several sections of the molecule must be differently 
ordered in the different proteins ; again, therefore, it is necessary to assume 
that the formation of such substances is directed. We may picture mole- 
cule after molecule as being ‘ brought into line ’ against a template and the 
junctions which are required to bind the whole series together as being 
made through the agency of the enzymic dehydrating influence before 
referred to. 

Attention has been called to the relatively simple way in which the 
hydrocarbons are constructed, that even the paraffins are not to be visualised 
as so many ducks strung upon a ramrod, Munchausen fashion but as 
forming curls, owing to the natural set of the affinities. This probably is 
true of complex substances such as the proteins. 

Protoplasm, in fact, may be pictured as made up of large numbers of 
curls, like a judge’s wig— all in intercommunication through some centre, 
connected here and there perhaps also by lateral bonds of union. If 
such a point of view be accepted, it is possible to account for the occurrence 
m some sections of the complex series of interchanges which involve work 
being done upon the substances brought into interaction, the necessary 
energy being-drawn from some other part of the complex where the inter- 
changes involve a development of energy. 

The conclusions thus arrived at may be utilised in discussing the problem 
of heredity. The inheritance of parental qualities, the need to assume 
continuity of the germ plasm and the comparative unimportance from the 
standpoint of heredity of somatic, qualities, as well as the non-inheritance 
ot mere environmental effects (acquired characters), are all necessary con- 
sequences of the view I have advanced. 

The general similarity of structure throughout organised creation may 
well be conditioned primarily by properties inherent in the materials of 
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which all living things are composed — of carbon, of oxygen, of nitrogen, of 
hydrogen, of phosphorus, of sulphur. At some early period, however, the 
possibilities became limited and directed processes became the order of the 
day. From that time onward the chemistry prevailing in organic nature 
became a far simpler chemistry than that of the laboratory ; the possibilities 
were diminished, the certainties of a definite line of action were increased. 
How this came about it is impossible to say; mere accident may have led 
to it. Thus we may assume that some relatively simple asymmetric sub- 
stance was produced by the fortuitous occurrence of a change under con- 
ditions such as obtain in our laboratories and that consequently the 
enantiomorphous isomeric forms of equal opposite activity were produced 
in equal amount. We may suppose that a pool containing such material 
having been dried up dust of molecular fineness was dispersed ; such dust 
falling into other similar pools near the crystallisation point may well have 
conditioned the separation of only one of the two isomeric forms present in 
the liquid. A separation having been once effected in this manner, assum- 
ing the substance to be one which could influence its own formation, one 
form rather than the other might have been produced. An active substance 
thus generated and selected out might then become the origin of a series 
of asymmetric syntheses. How the complicated series of changes which 
constitute life may have arisen we cannot even guess at present ; but when 
we contemplate the inherent simplicity of chemical change and bear in 
mind that life seems but to depend on the simultaneous occurrence of a 
series of changes of a somewhat diverse order, it does not appear to be 
beyond the bounds of possibility to arrive at a broad understanding of the 
method of life. Nor are we likely to be misled into thinking that we can 
so arrange the conditions as to control and reproduce it ; the series of lucky 
accidents which seem to be required for arrangements of such complexity 
to be entered upon is so infinitely great. 

The ovum and the spermatazoon must be supposed to have all the direc- 
tive influences stored up in them which are subsequently brought into play 
in the development of the organism; they may be looked upon as bundles 
of templates of very definite structure. As both paternal and maternal 
qualities may be handed on to the offspring and as there is so near an 
equality of the sexes in the higher organisms, it appears likely that the 
. male and female elements are produced in equal numbers by both parents, 
either the one or the other becoming developed at conception, according to 
the accidents of the moment, whereby both the sex of the offspring is deter- 
mined and whether it be primarily derived from the one or the other parent. 

There cannot well be complete interpenetration of the two elements : 
rather is it to be supposed that surface contacts are established which lead 
to transferences from one to the other chromasome; to use vulgar terms, 
that eyebrows are pencilled, the nose straightened, narrowed or broadened, 
hair made fair or dark ; that by interpenetration of the curls this or that 
other quality is modified by a molecule being plastered on here, another 
smoothed off there, while cross-connections are established in some direc- 
tions but broken in others. 

Such a picture cannot be regarded as extravagant. We may even claim 
literary appreciation in support of our temerity — ^no less a writer than 
Emerson, for example, as witness the following passage in his ‘ Uses of 
Great Men ’ : — 

‘ Light and darkness, heat and cold, hunger and food, sweet and sour, 
solid, liquid and gas, circle us round in a wreath of pleasures and, by 
their agreeable quarrel, beguile the day of life. The eye repeats every day 
the first eulogy on things: “He saw that they were good.” We knovr 
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And Tet we never tire of preaching the value of classical learning and of 
histoiT-the real history that counts and that traimng in scientific method 
which would tend to broaden and inform the mind are in no way thought 
of by the Uterary triflers who pretend to guide the destinies of our youth 
Surdv some efiective means must be devised that will enable us to revolt 
without further delay against our unnatural and generally worthless system 
of school and university training. 


No problem can compare in importance with that of the future of our 
race To consider it is the one plain duty before us and the need becomes 
daily a more urgent one. Not only do we encourage deterioration at the 
lower end of the scale of intelligence in the manner pointed out in the 
passage quoted from Darwin, we are now through our system of higher 
education courting failure also at the upper end. Herbert Spencei forcibly 
drew attention many years ago to the tendency which the development of 
individuality must have to depress fertility and to the evil effects of severe 
mental labour on women especially. It has been stated that in the United 
States of America the higher education of girls has been proved to sterilise 
them. Many of us probably have experience within our own circle of 
observation which would justify such a conclusion ; there are so many ways 
in which education operates to retard marriage, even if it have no direct 
effect on the organism. 

Even if man-stuff and woman-stuff be in no fundamental way different 
materials, there are essential differences between the sexes which must be 
taken into consideration. During the active period of her life the woman 
is subject at intervals to inffuences which do not affect the man; various 
excitants (so-called hormones) come into operation and produce effects 
which are altogether remarkable ; her mental condition is consequently in 
a state of continued flux. Cause and effect in these cases are undoubtedly 
chemical in their nature. The changes which attend puberty are probably 
brought about by the more or less sudden outpouring of peculiar secretions 
which direct metabolism into new and special channels. It is clear that 
mental states have an important influence on metabolism and that if 
influences are brought to bear from which the organism has been exempt in 
the past, effects must be produced the nature of which it is impossible to 
predict; therefore the creation of new interests may well be a source of 
most serious danger. The most disquieting feature of the times is the 
revolt of women against their womanhood and their claim to be on an 
equality with man and to compete with men in every way. There should 
be no question of equality raised ; when comparison is made between com- 
plementary factors the question of equality does not and cannot come into 
consideration. It is clear that should the struggle arise — and it is to be 
feared that it is coming upon us — there can he but one issue : woman must 
fail and in failing must carry man with her to destruction, for she will 


•soon eliminated j and those that survive commonly exhibit a vigorous state of 
health. ^ We civilised men, on the other hand, do our utmost to check the process 
of elimination; we build asylums for the imbecile, the maimed and the sick; 
•we institute poor-laws ; and our medical men exert the utmost skill to save the 
life of everyone to the last moment. There is reason to believe that vaccination 
has preserved thousands who from a weak constitution would "formerly have 
■succumbed to small-pox. Thus the weak members of civilised societies propagate 
their kind. No one who has attended to the breeding of domestic animals will 
-doubt that this must be highly injurious to the race of man. It is surprising how 
eoon a wantof career care wrongly directed leads to the degeneration of a domestic 
race , -hut excepting in the case of man himself, hardly anyone is so ignorant as 
to allow his worst animals to breed.’ 
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inevitably cease to exercise her specific womanly functions with effect, s& 
delicate is the adjustment of her mechanism. The evolution of the twa 
sexes has been on different lines and different qualities have been developed 
in them ; it is probable that the germinal differences are profound. And 
education cannot remove the difference ; although education may condition 
functional disturbances, it must be powerless to modify the structure and 
mechanism. Man is in no way what he is to-day in virtue of the education 
he has received during a few generations past ; the education of the race 
throughout time has been something entirely different from what is thought 
of now as education. ‘ Nature, the dear old nurse,’ not man, has done the 
work by a severe and drastic process of selection — ^by picking out men 
capable of doing men’s work and by picking out women capable of doing 
women’s work : she has constituted them helpmates and has had no thought 
of their being so silly as to wish to get in one another’s way ; this is a state 
brought on by an artificial, unsuitable system of education. 

The subject has been brought before the chemical world in England 
recently by the application of a number of women to be made Fellows of 
the Chemical Society. Many of us have resisted the application because 
we were unwilling to give any encouragement to the movement which is- 
inevitably leading women to neglect their womanhood, which is in itself 
proof that they do not understand the relative capacities of the two sexes 
and the need there is of sharing the duties of life. If there be any truth 
in the doctrine of hereditary genius, the very women who have shown ability 
as chemists should be withdrawn from the temptation to become absorbed 
in the work, for fear of sacrificing their womanhood ; they are those who 
should be regarded as chosen people, as destined to be the mothers of future 
chemists of ability. The argument is applicable generally; it is surely 
desirable in all cases of declared ability that the education of girls should 
be directed so as to produce not merely minimum disturbance of the woman’s 
attributes and charms but full understanding of the unique position of 
responsibility she occupies in the scheme of life. 

Questions such as I have raised are of the utmost importance as bearing 
on educational policy. Our ideas of education are in almost as inchoate a 
state as they were in 1885. We have been led, it is true, to recognise that 
our scheme of popular elementary education is a terrible failure, that its 
whole tendency has been to emasculate our population ; yet at the very time 
that we are making this discovery we are beginning to force our higher 
education along lines which experience shows must be ineffective — along 
literary lines. I should be the last to deny that there is an undercurrent 
of improvement perceptible but this is directed only by sporadic influences 
and is in no way favoured by most of those in authority. We are still 
suffering at the hands of those who have been our persecutors in the past — 
the clerics, who control most of the schools and whose outlook is almost as 
narrow as it ever was. The saving grace of science has in no way entered 
into their souls — how can it ? The Universities make no attempt to secure 
their redemption. London of late years has even reversed the enlightened 
policy the University so long pursued and has allowed Latin to figure as 
alternative to science, not as the complement of science. 

Our Association seems to have little or no effect on the public conscience. 
And the explanation is not far to seek. . Our interests are too special ; we are 
all too much wrapped up in our own affairs ; too inconsiderate to co-operate 
effectively. We forget or do not realise, that ‘ Something is wanting in 
science until it has been humanised ’ ; we make no attempt to organise our 
forces and make good the claim we put forward to be the possessors of 
superior knowledge. A complete change of attitude on our part is required ; 
we need to play the part of propagandists. We are almost unknown as 
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Bopulai- writers and the days of popular lectures are past. Practically 
LSiing is done to train the public mind and school science is in no way 
effective. 

To speak particularly of my own subject, it is impossible to rate 
chemistry at too high a value in Canada. The maintenance of the fertility 
of your 4lds, the proper utilisation of your vast mineral wealth, the purity 
of your food supplies ' will depend mainly on the watchful care and skill 
of chemists; but the educational value of the subject may also be set very 
hit^h If properly taught in your schools, it will afford a means superior 
to°all others, I believe, of training faculties which in these days should be 
developed in every responsible citizen. No other subject lends itself so 
effectively as a means of developing the experimental attitude of mind— the 
attitude of working with a clearly conceived purpose to a desired end, 
which is so necessary to success in these days ; and if care be taken to 
inculcate habits of neatness and precision and of absolute truthfulness,- 
if care be taken' to teach what constitutes evidence, the moral value of such 
work is incalculable. But to be effective it must be done under proper 
conditions, systematically; the time devoted to the work must be adequate; 
I would even advocate that the subject be allowed to come before conven- 
tional geography and history and other unpractical subjects, assuming that 
the training, is given in a practical way and with practical objects in view, 
not in the form of mere lessons learnt by rote ; if taught in the form of mere 
didactic lessons it is as worthless as any other subject as mental discipline. 
Let me add that I would confine the teaching to a narrow range of problems 
but make it very thorough with reference to these. 

Five-and-twenty years ago I made my appearance as an advocate of 
what has been dubbed the heuristic method— the method which entails 
putting the learner in the attitude of inquirer, in training the pupil to 
inquire always into the meaning of what is learnt. I believe it to be in 
principle the only true method of learning. The idea has found favour 
almost generally but the progress made in applying it has been slight— 
and this was to be expected, as teachers were few and far between who could 
carry the method into execution ; moreover, so few teachers will allow their 
pupils to learn: they are too impatient and insist on teaching them and 
on doing the work of teacher and learner — in fact, in these days, the 
learner iS’ a rarity, examinations have almost destroyed the breed. If 
here you desire that your children shall grow up virile men and women" 
with some honesty of purpose left in them, you will end and not mend a 
system which is sucking the very life-blood out of the youth in the mother 
country — ^you will insist that your children shall be taught little but learn 
much. 

When studied as a special object, chemistry, in particular, is one of 
the subjects which must be worked at long and persistently — mere technical 
skill counts for so much and so few seem to possess the ability to become 
skilful chemists ; in ho other science does the element of understanding and 
an indefinable power of appreciating the character of changes as they occur 
play so conspicuous a part — in no other science is the faculty of judgment 
more necessary. In practice, the chemist in works is constantly called upon 
to exercise his -judgment — he is only too often called upon to judge from 
appearances of conditions which are deep-seated ; he is everywhere the works 
physician in fact. It is therefore' necessary that he should be highly trained 

' ; ^ t «houId^like to take this opportunity .of saying that it is impossible to over- 
rate the' phblic ’ value ' of- the great work which Dr. Wiley has undertaken in the 
pnited Stat^i in :hndeavouring -to secure the supply of food free from deleterious- 
ingredients..; ALhome we certainly need some one to preach a similar crusade and 
to free iusfrom- doctored infants’ foods ahd’the innumerable host of medicines by 
which even our fair fields are disfigured.' ' ‘ - ■ ‘ 
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and thoroughly versed in the art of inquiry. The men who in my experience 
have been successful are those who have learnt to think for themselves and 
who have been capable independent workers — sufficiently broad-minded and 
sufficiently practised in their art to be able to turn their attention in any 
desired direction ; I tehould add that they have been men who have 
learnt to read — a much neglected art. Much has been said and written of 
late on the subject of technical training which is of value as bringing out 
the various points of view ; the problem is a very difficult one, owing to the 
great number of interests to be considered and more especially the very 
uneven and often inferior quality of the material to be trained. The great 
danger of specialised technical training is the tendency to make it too 
narrow”. Success in practice depends not merely on knowledge of subject 
but also, if not mainly, on the possession of certain human qualities which 
are not usually developed in the technical school and which cannot be tested 
by examination — it is unnecessary to specify them. It is undeniable that 
in England for many years past chemistry has suffered from the recognised 
fact that there has been little money in it — ^parents have been led therefore 
to prefer other careers for their sons and the subject has not secured its due 
proportion of intelligence and is suffering in consequence. Too many of 
those who have entered works have had neither the intelligence nor — ^to 
speak plainly — the presence and manners that are required to secure confi- 
dence. The presence of men of gentlemanly bearing and instincts, who have 
received thorough training in science, is urgently needed at the present time 
in many of our manufacturing establishments, to take the place of foremen 
of the old type, who have learnt all they know in the works and whose 
conceptions necessarily lack breadth ; it is almost impossible to convince such 
men that improvements are possible, too often they adopt a selfish . attitude 
and advisedly retard progress. Another direction in which an approach of 
interests is required is between chemist and engineer. The latter has too 
long occupied a dominant position in many works and in not a few cases 
has done his utmost to exclude the chemist, fearing his competition ap- 
parently. The gas industry perhaps affords the most striking illustration 
of the effects of such a policy : on the engineering side it has been carried to 
a high pitch of perfection but on the chemical it has ever fallen, year 
after year, to a lower state ; now the quality of coal gas is such, especially 
since the withdrawal of the sulphur clauses from the Acts of Parliament 
by which the industry is regulated, that gas is almost unusable.^ 

But the iron industry is an even more striking case. The appliances 
are wonderful examples of constructive skill but the engineer is clearly 
nonplussed when he seeks to understand the processes he nominally 
controls ; the chemist has been kept so closely confined to his bench in the 
laboratory that he has had no proper opportunity of studying the processes 
of manufacture systematically. No systematic study of steel has yet been 
made! Considering the magnitude of the industry and its importance, 
our knowledge of the subject is phenomenally slight; what we do know. 

^ Had not chemists entirely unconnected with the industry vastly improved 
the methods of burning it, gas would long since have fallen into disuse. At last, 
when almost too late, the industry is taking some notice of our science. It needs, 
reformation and reorganisation root and branch. That an industry should exist 
whose business it is to sell, as the primary product of manufacture, so minor a, 
constituent of coal as the gas we burn is an anachronism. We should gain vastly 
in our cities if we burnt soft coke instead of smoke-yielding coal. Lastly, it is 
now imperative that none of the valuable constituents of coal should be wasted. 
Combining these three considerations, it is obviously desirable that, in future, 
all coal sh^ould be coked and both gas and coke supplied to the public instead, 
whilst the valuable residuals are used in other ways. No improvement has been 
effected by municipalities who have taken over the supply of gas ; in the public 
interest some of these might well initiate such a change as is here suggested. 
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of tlie lelation of strength and structure to composition is due to the 
nioneer labours, of the late distinguished Dr. Sorby, an amateur uncon- 
Lted with the industry-and to a fruitful conjunction of the abours of 
engineers and chemists outside the works, who in self-protection have 

tested the materials before use. ^ i i . 

In Germany the chemist and the engineer have been placed on an 
eauality and required to work together, with results which are altogether 
satisfactory We need to adopt a similar practice. Any attempt to 
fuse the two into one will meet with failure, I am persuaded; they are 
called upon to work from different points of view— they need to be in 
sympathy and to understand one another but their work is complementary. 
I have watched engineering students closely during years past and am 
satisfied that, on the average, they represent a type of mind different from 
that of the chemist— the tendency of the one is to be constructive and of the 
other to be reflective ; the analytical work done by the chemist in the 
laboratory is but the means to an end in the same way that the work done 
by the engineer in the drawing office is. Our future engineers should 
study chemistry and chemists should study engineering, in order that 
they may understand one another and work together— not in order that 
they may supplant one another. The chemist has to some extent allowed 
himself to be pushed into the background— perhaps because the average 
chemist in the past has been too tame a person ; moreover, being forced to 
work in his laboratory, he has had less opportunity of gaining freedom and 
breadth of outlook than the more fortunate engineer, whose work has carried 


him out into the world. 

You will be wise in Canada if you take care to select no small number 
of your abler students— young men of promise physically as well as intel- 
lectually— and. train them as chemists. Of late years attention has been 
called from every side to the inconsiderate manner in which raw materials, 
especially coal, iron and wood, are being used up in all civilised countries ; 
it is difficult to interest the public in such a subject, as few can 
appreciate the consequences, owing to the general ignorance of science and 
to the existence of an optimistic belief in the power of scientific discovery. 
But nothing will compensate for the exhaustion of your coal and iron 
supplies. It is your bounden duty to economise these in every possible 
way. The chemist and engineer will be required to help you in effecting 
economies by improving present methods of treatment. But the further 
question arises whether it be not also your duty, here in Canada par- 
ticularly, without loss of time, to effect still greater economies by utilising 
the vast stores of energy in your possession, in the form of uplifted water, 
which now run to waste. The falls of Niagara are the most glorious and 
entrancing sight in the world I have witnessed next to the total eclipse 
of the sun, yet I question whether it be permissible to allow any part of 
their available energy to be dissipated— whether the claims of posterity do 
not forbid us to allow aesthetic considerations to prevail in such a case. 

To conclude, I have treated my subject very widely and at times 
vaguely, having ranged over a great variety of subjects— somewhat from 
the point of view of modern opera, perhaps ; indeed, I am willing to confess 
that I have been much influenced of late years by music and by the 
recognition of the obvious desire reflective musicians have shown to secure, 
breadth of effect and harmonious development of all the elements which go 
to compose a dramatic situation. Chemistry touches the drama of life at 
every point : if ever we are to understand life and regulate our actions in 
accordance with understanding, it will be in no slight measure because we 
appreciate the lessons which chemistry alone affords. 
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The circumstances of the present meeting very clearly determine the subject 
of a general address to be expected from a student of extinct animals. The 
remarkable discoveries of fossil backboned animals made on the Noi’tli 
American continent during the last fifty years suggest an estimate of the 
results achieved by the modern systematic methods of research ; while the 
centenary celebration of the birth of Darwin makes it appropriate to con- 
sider the extent to which we may begin deducing the laws of organic evolu- 
tion from the life of past ages as we now know it. Such an address must, 
of course, be primarily biological in character, and treat of some matters 
which are not ordinarily discussed by Section C. The subject, however, can 
only be appreciated fully by those who have some practical acquaintance 
with the limitations under which geologists pursue their researches, and 
especially by those who are accustomed to geological modes of thought. 

There has been an unfortunate tendency during recent years for the 
majority of geologists to relinquish the study of fossils in absolute despair. 
More ample material for examination and more exact methods of research 
have altered many erroneous names which were originally used ; while 
the admission to scientific publications of too many mere literary exercises 
on the so-called ' law of priority ’ has now made it necessary to learn not 
one, but several names for some of the genera and species which are com- 
monly met with. Even worse, the tentative arrangement of fossils in 
‘ genetic series ’ has led to the invention of a multitude of terms which 
often serve to give a semblance of scientific exactitude to the purest guess- 
work, and sometimes degenerate into a jargon which is naturally repellent 
to an educated mind. Nevertheless, I still hope to show that, with all 
these difficulties, there is so much of fundamental interest in the new work 
that it is worth while to make an effort to appreciate it. Geology and 
palaeontology in the past have furnished some of the grandest possible con- 
tributions to our knowledge of the world of life ; they have revealed hidden 
meanings which no study of the existing world could even suggest ; and 
they have started lines of inquiry which the student of living animals and 

0 
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plants alone would scarcely liave suspected to be profitable. Tlie latest 
researches are the logical continuation of this pioneer work on a more exten- 
sive scale, and with greater, precision ; and I am convinced that they will 
continue to be as important a factor in the progress of post-Darwinian 
biology as were the older studies of fossils in the philosophy of Cuvier, 
Brongniart, and Owen. 

In this connection it is necessary to combat the mistaken popular belief 
that the main object of studying fossils is to discover the ‘ missing links ’ 
in the chain of life. We are told that the idea of organic evolution is not 
worthy of serious consideration until these links, precise in character, are 
forthcoming in all directions. Moreover, the critics who express this opinion 
are not satisfied to consider the simplest cases, such as are afforded by some 
of the lower grades of ‘ shell-fish ’ which live together in immense numbers 
and have limited powers of locomotion. They demand long series of exact 
links between the most complex skeletal frames of the backboned animals, 
which have extreme powers of locomotion, are continually wandering, and 
are rarely preserved as complete individuals when they are buried in 
rock. They^ even expect continual discoveries of links among the rarest of all 
fossils, those of the higher apes and man. The geologist, on the other 
hand, knowing well that he must remain satisfied with a knowledge of a 
few scattered episodes in the history of life which are always revealed by 
the merest accident, marvels that the discovery of ‘ missing links ’ is so 
constant a feature of his work. He is convinced that, if circumstances were 
more favourable, he would be able to satisfy the demand of the most exacting 
critic. He has found enough continuous series among the mollusca, for 
example, and so many suggestions of equally gradual series among the 
higher animals, that he does not hesitate to believe without further 
evidence in a process of descent with modification. The mere reader of 
books is often misled by the vagaries of nomenclature to suppose that the 
intervals between the links are greater than in reality ; but for the actual 
student it is an everyday experience to find that fossils of slightly different 
ages which he once thought distinct are linked together by a series of forms 
in which it is difficult to discover the feeblest lines of demarcation. He is 
therefore justified in proceeding on the assumption that in all cases the 
life of one geological period has passed by a natural process of descent into 
that of the next succeeding period ; and, avoiding genealogical guesswork 
which proves to be more and more futile, he strives to obtain a broad 
view of tbe series of changes which have occurred, to distinguish between 
those which denote progress and those which lead to stagnation or extinction. 
When the general features of organic evolution are determined in this 
manner, it will be much easier than it is at present to decide where missing 
links in any particular case are most likely to be found. 

Among these general features which have been made clear by the latest 
systematic researches, I wish especially to emphasise the interest and 
significance of’ the persistent progress of life to a higher plane, which wo 
observe during the successive geological periods. For I think palceontolo- 
gists are now generally agreed that there is some principle underlying this 
progress much more fundamental than chance-variation or response to 
environment however much these phenomena may have contrilmted to 
certain minor adaptations. Consider the case of the backboned animals, 
for instance, which I happen to have had special opportunities of studying. 

We are not likely ever to discover the actual ancestors of animals on 
the backboned plan, because they do not seem to have acquired any hard 
skeleton until the latter part of the Silurian period, when fossils prove 
them to have been typical and fully developed, though low in the back- 
boned scale, The ingenious researches and reasoning of Dr. W, H. Haskell, 
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however, have suggested the possibility that these animals originated from 
some early relatives of the scorpions and crustaceans. * It is therefore of 
great interest to observe that the Eurypterids and their allies, which occupy 
this zoological position, were most abundant during the Silurian period, 
were represented by species of the largest size immediately afterwards at 
the beginning of the Devonian, and then gradually dwindled into insignifi- 
cance. In other words, there was a great outburst of Eurypterid life just 
at the time when backboned animals arose ; and if some of the former were 
actually transformed into the latter, the phenomenon took place when their 
powers both of variation and of multiplication were at their maximum. 

Fishes were already well established and distributed over perhaps the 
greater part of the northern hemisphere at the beginning of Devonian 
times ; and then there began suddenly a remarkable impulse towards the 
production of lung-breathers, which is noticeable not only in Europe and 
North America, but also probably so far away as Australia. In the middle 
and latter part of the Devonian period, most of the true fishes had paddles, 
making them crawlers as much as swimmers ; many of them differed from 
typical fishes, while agreeing with lung-breathers, in having the basis of the 
upper jaw fused with the skull, not suspended ; and some of them exhibited 
both these features. Their few survivors at the present day (the Crosso- 
pterygians and Dipnoans) have also an air-bladder, which might readily 
become a lung. The characteristic, fish-fauna of the Devonian periodr, there- 
fore, made a nearer approach to the land animals than any group of fishes 
of later date ; and it is noteworthy that in the Lower Carboniferous of Scot- 
land— perhaps even in the Upper Devonian of North America, if footprints 
can be trusted— amphibians first appeared. In Upper Carboniferous times 
they became firmly established, and between that period and the Trias they 
seem to have spread all over the world ; their remains having been found, 
indeed, in Europe, Spitzbergen, India, South Africa, North and South 
America, and Australia. 

The Stegocephala or Labyrinthodonts, as these primitive amphibians are 
termed, were therefore a vigorous race ; but the marsh-dwelling habits of 
the majority did not allow of much variation from the salamander-pattern. 
Only in Upper Carboniferous and Lower Permian times did some of th^r 
smaller representatives (the Microsauria) become lizard-like, or even snake- 
like in form and habit ; and then there suddenly arose the true reptiles. 
Still, these reptiles did not immediately replace the Stegocephala in the 
economy of Nature ; they remained quite secondary in importance at least 
until the Upper Permian, in most parts even until the dawn of the Triassic 
period. Then they began their flourishing career. 

At this time the reptiles rapidly diverged in two directions. Some of 
them were almost exactly like the little S'phenodon, which still survives in 
some islands off New Zealand, only retaining more traces of their marsh- 
dwelling ancestors. The majority (the Anomodonts or Theromorphs) very 
quickly became so closely similar to the mammals that they can only be 
interpreted as indicating an intense struggle towards the attainment of the 
higher warm-blooded grade ; and there is not much doubt that true mammals 
actually arose about the end of the Triassic period. Here, again, however, 
the new race did not immediately replace the old, or exterminate it by 
unequal competition. Reptiles held their own on all lands throughout the 
Jurassic and Cretaceous periods, and it was not until the Tertiary that 
mammals began to predominate. 

As to the beginning of the birds, it can only be said that towards the 
end of the Triassic period there arose a race of small Dinosaurs of the 
lightest possible build, exhibiting many features suggestive of the avian 
skeleton ; so it is probable that this higher group also originated from an 
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intensely restless early community of reptiles, in which all the variations 
more or less in the right direction for advancement. 

In short it is evident that the progress of the backboned land animals 
duriim the ’successive periods of geological time has not been uniform and 
TJml but has proceeded in a rhythmic manner. There have been 
fltmmations of restless episodes which meant real advance, with periods of 
comparative stability, during which the predominant animals merely 
varied in response to their surroundings, or degenerated, or graclually grew 
to a larcre sizl There was no transition, for instance, between the reptiles 
of the Cretaceous period and the mammals which immediately took their 
place in the succeeding Eocene period ; those mcynmals, as we have seen, 
had actually originated long ages before, and had remained practically 
dormant in some region which we have not yet discovered, waiting to burst 
forth in due time. During this retirement of the higher race the reptiles 
themselves had enjoyed an extraordinary development and adaptation to 
every possible mode of life in nearly all parts of the globe. We do not 
understand the phenomenon— we cannot explain it ; but it is as noticeable 
in the theological history of fishes as in that of the land animals just con- ' 
sideredr It seems to have been first clearly observed by the distinguished 
American naturalist, the late Professor Edward D. Cope, who termed the 
sudden fundamental advances ‘ expression points and saw in them a 
manifestation of some inscrutable inherent ’ bathmic force.’ 

Perhaps the most striking feature to be noticed in each of these ‘ expres- 
sion points ’ is the definite establishment of some important structural 
character which had been imperfect or variable before, thus affording new 
and multiplied possibilities of adaptation to different modes of life. In 
the first lung-breathers (Stegocephala), for example, the indefinite paddle 
of the mud fishes became the definite five-toed limb ; while the incomplete 
backbone reached completeness. Still,, these animals must have been con- 
fined almost entirely to marshes, and they seem to have been all carnivorous. 
In the next grade, that of the reptiles, it became possible to leave the iiuirshes ; 
and some of them were soon adapted not only for life on hard ground or 
in forests, but even for flight in the air. Several also assumed a shape of 
body and limbs enabling them to live in the open sea. Nearly all were 
carnivorous at first, and most of them remained so to the end ; but many 
of the Dinosaurs eventually became practically hoofed animals, with a 
sharp beak for cropping herbage, and with powerful grinding teeth. In 
none of these animals, however, were the toes reduced to less than three in 
number, and in none of them were the basal toe-bones fused together as they 
are in cattle and deer. It is also noteworthy that the brain in all of them 
remained very small and simple. In the final grade of backboned life, 
that of the mammals, each of the adaptive modifications just mentioned 
began to arise again in a more nearly perfected manner, and now survival 
depended not so much on an effective body as on a developing brain. The 
mammals began as little carnivorous or mixed-feeding animals with a 
small brain and five toes, and during the Tertiary period they gradually 
differentiated into the several familiar groups as we now know them, 
eventually culminating in man. 

The demonstration by fossils that many animals of the same general 
shape and habit have originated two or three times, at two or thi'ee sucxies- 
sive periods, from two or three continually higher grades of life, is very 
interesting. To have proved, for example, that flying reptiles did not pass 
into birds or bats, that hoofed Dinosaurs did not change into hoofed 
mammals, and that Ichthyosaurs did not become por])oises ; and to have 
shown that all these later animals were mere mimics of their predecessors, 
originating independently from a higher yet generalised stock, is a remark- 
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able achievement. Still more significant, however, is the discovery that 
towards the end of their career through ^geological time totally different 
races of aiiimals repeatedly exhibit certain jieculiar features, Avhicli can 
only be described as infallible marks of old age. 

The growth to a relatively large size is one of these marks, as we observe 
in the giant Pterodactyls of the Cretaceous period, the colossal Dinosaurs* 
of the Upper Jurassic and Cretaceous, and the large mammals of the 
Pleistocene and the present day. It is not, of course, all the members of 
a race that increase in size; some remain small until the end, and they 
generally survive long after the others are extinct ; but it is nevertheless 
a common rule that the prosperous and typical representatives are succes- 
sively larger and larger, as we see them in the familiar cases of the horses 
and elephants of the northern hemisphere, and the hoofed animals and 
armadillos of South America. 

Another frequent mark of old age in races was first discussed and clearly 
pointed out by the late Professor C. E. Beecher, of Yale. It is the 
tendency in all animals with skeletons to produce a superfluity of dead 
matter, which accumulates in the form of spines or bosses as soon as the 
race they represent has reached its prime and begins to be on the down- 
grade. Among familiar instances may be mentioned the curiously spiny 
Graptolites at the end of the Silurian period, the horned Pariasaurians at 
the beginning of the Trias, the armour-plated and horned Dinosaurs at the 
end of the Cretaceous, and the cattle or deer of modern Tertiary times. 
The latter case — that of the deer — is specially interesting, because fossils 
reveal practically all the stages in the gradual development of the horns or 
antlers, from the hornless condition of the Oligocene species, tlirough the 
simply forked small antlers of the Miocene species, to the largest and most 
complex of all antlers seen in Cervus sedgwichi from the Upper Pliocene 
and the Irish deer (G. giganteus) of still later times. The growth of these 
excrescences, both in relative size and complication, was continual and 
persistent until the climax was reached and the extreme forms died out. 
At the same time, although the palaeontologist must regard this as a 
natural and normal phenomenon not directly correlated with the habits of 
the race of animals in which it occurs, and although he does not agree 
with the oft-repeated statement that deer may have ‘ perfected ’ their 
antlers through the survival of those individuals which could fight most 
effectively, there may nevertheless be some truth in the idea that the growths 
originally began where the head was subject to irritating impacts and that 
they so happened to become of utility. Fossils merely prove that such 
skeletal outgrowths appear over and over again in the prime and approach- 
ing old age of races ; they can suggest no reasons for the particular positions 
and shapes these outgrowths assume in each species of animal. 

It appears, indeed, that when some part of an animal (whether an 
excrescence or a normal structure) began to grow relatively large in succes- 
sive generations during geological time, it often acquired some mysterious 
impetus by which it continued to increase long after it had reached the 
serviceable limit. The unwieldy antlers of the extinct Sedgwick’s deer and 
Irish deer just mentioned, for example, must have been impediments rather 
than useful weapons. The excessive enlargement of the upper canine teeth 
in the so-called sabre-toothed tigers {MacliKrodus and its allies) must also 
eventually have hindered rather than aided the capture and eating of prey. 
The curious gradual elongation of the face in the Oligocene and Miocene 
Mastodons, which has lately been described by Dr. Andrews, can only be 
regarded as another illustration of the same phenomenon. In successive 
generations of these animals the limbs seem to have grown continually 
longer, while the neck remained short, so that the head necessarily became 
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more and more elongated to crop the vegetation on the ground. A limit 
of mechanical inefficiency was eventually reached, and then tJiere survived 
only those members of the group in which the attenuated mandible became 
shortened up, leaving the modified face to act as a ‘proboscis.’ The 
elephants thus arose as a kind of after-thought from a group of quadrupeds 
that were rapidly approaching their doom. 

The end of real progress in a developing race of backboned animals is 
also often marked by the loss of the teeth. A regular and complete set of 
teeth is always present at the commencement, but it frequently begins to 
lack successors in animals which have reached the limit of their evolution, 
and then it soon disappears. . Tortoises, for instance, have been toothless 
since the Triassic period, when they had assumecl all their essential 
features ; and birds have been toothless since the end of Cretaceons times. 
The monotreme mammals of Australasia, which are really a survival from 
the Jurassic period, are also toothless. Some of the latest Ichthyosaurs and 
Pterodactyls were almost or quite tootliless ; and I have seen a jaw of an 
Upper Cretaceous carnivorous Dinosaur {Genyodcvtes) from Patagonia so 
completely destitute of successional teeth that it seems likely some of these 
land reptiles nearly arrived at the same condition. 

Among fishes there is often observable still another sign of racial old 
age—naniely, their degeneration into eel-shaped forms. The Dipnoan fishes 
afford a striking illustration, beginning with tlie normally shaped Biptems 
in the Middle Devonian, and ending in the long-bodiecl Lepiilosiren and 
Frotopterus of the present day. The Paheozoic Acaiitliodian sharks, as 
they are traced upwards from their beginning in the Lower Devonian to 
their end in the Permian, also acquire a remarkable elongation of the body 
and a fringe-like extension of the fins. Among higher fishes, too, there are 
numerous instances of the same plienomenon, but in most of these the 
ancestors still remain undiscovered, and it would tluis be tedious to discuss 
them. 

Pinally, in connection witli these obvious symptoms of old age in races, 
it is interesting to refer to a few strange cases of the rapid disappearance 
of whole orders of animals, which had a practically world-wide distribution 
at the time when the end came. Local extinction, or the disai)pearance of 
a group of restricted geographical range, may bo explained by accidents of 
many kinds ; but contemporaneous universal extimition of widely spread 
groups, which are apparently not affected by any ne w competitors, is not 
so easily understood. The Dinosaurs, for instance, ate known to have lived 
in nearly all lands until the close of the Cretaceous period ; and, except 
perhaps in Patagonia, they were always accompanied until the end by a 
typically Mesozoic fauna. Their remains are abundant in the Woalden 
formation of Western Europe, the deposit of a river which must have 
drained a great continent at the beginning of the Ciadareous period ; they 
have also been found in a corresponding formation which covers a large 
area in the State of Bahia, in Brazil. They occur in groat numbcTs in the 
freshwater Upper Cretaceous Laramie deposits of Wctsteni North America, 
and also in a similar formation of equally late dale in Transylvania, 
South-East Europe. In only two of these regions (South-East England 
and West North America) have any traces of mammals been found, and they 
are extremely rare fragments of animals as small as rats ; so there is no 
reason to suppose that the Dinosaurs suffered in the least from any struggle 
with warm-blooded competitors. Even in Patagonia, where tlio associated 
mammal-remains belong to slightly larger and more modern animals, these 
fossils are also rare, and there is nothing to suggest competition. The race 
of Dinosaurs seems, therefore, to have died a natural death, Tln^ same may 
be said of the marine reptiles of the orders Ichthyosauria, Plesiosauria, and 
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Aiosasauria. They had a practically world-wide distribution in the seas of 
the Cretaceous period, and the Mosasauria especially must have been 
extremely abundant and flourishing, hlevertheless, at the end of Cretaceous 
times they disappeared everywhere, and there was absolutely nothing to 
take their place until the latter part of the Eocene period, when whales and 
porpoises began to play exactly the same part. So far as we know, the 
higher race never even came in contact with the lower race ; the marine 
mammals found the seas vacant, except for a few turtles and for one curious 
Ehyiichocephalian reptile (Cliampsosaurus), which did not long survive. 
Another illustration of the same phenomenon is p»robably afEorded by the 
primitive Carnivora (the so-called Sparassodonta), which w’ere numerous in 
South America in the Lower Tertiary periods. They ^vere animals with a 
brain as small as that of the thylacines and dasyures which now live in 
Tasmania. They appear to have died out completely before they were 
replaced by the cats, sabre-toothed tigers, and dogs, which came down south 
from North America over the newly emerged isthmus of Panama at the close 
of the Pliocene period. At least, the remains of these old carnivores and 
their immigrant successors have never yet been found associated in any 
geological formation. 

These various considerations lead me to think that there is also deep 
significance in the tendency towards fixity in the number and regularity (or 
symmetry) in the arrangement of their multiple parts, which we frequently 
observe in groups of animals as we trace them from their origin to their 
prime. It is well known that in certain of the highest and latest types 
of bony fishes the vertebree and fin-rays are reduced to a fixed and practically 
invariable number for each family or genus, whereas there is no such fixity 
in the lower and earlier gi'oups. In the earliest known Pycnodont fishes from 
the Lower Lias (Mesodon) the grinding teeth form an irregular cluster, 
while in most of the higher and later genera they are arranged in definite 
regular rows in a symmetrical manner. Many of the lower backboned 
animals have teeth with several cusps, and in some genera the number of 
teeth seems to be constant ; but in the geological history of the successive 
classes the tooth-cusps never became fixed individual entities, readily trace- 
able throughout whole groups, until the highest or mammalian grade had 
been attained. Moreover, it is only in the same latest grade or class that 
the teeth themselves can be treated as definite units, always the same in 
number (forty-four), except when modified by degeneration or special adapta- 
tion. In the earlier and lower land animals the number of vertebra in the 
neck depends on the extent of this part, whereas in the mammal it is almost 
invariably seven, whatever the total length may be. Curiously constant, 
too, in the modern even-toed hoofed mammals is the number of nineteen 
vertebrse between the neck and the sacrum. 

I am therefore still inclined to believe that the comparison of vital pro- 
cesses with certain purely physical phenomena is not altogether fanciful. 
Changes towards advancement and fixity which are so determinate in 
direction, and changes towards extinction which are so continually repeated, 
seem to denote some inherent property in living things, which is as definite 
as that o! crystallisation in inorganic substances. The regular course of 
these changes is merely hindered and modified by a succession of checks from 
the environment and Natural Selection. Each separate chain of life, indeed, 
bears a striking resemblance to a crystal of some inorganic substance which 
has been disturbed by impurities during its growth, and has thus been 
fashioned with unequal faces, or even turned partly into a mere concretion. 
In the case of a crystal the inherent forces act solely on molecules of the 
crystalline substance itself, collecting them and striving, even in a disturbing 
environment, to arrange them in a fixed geometrical shape. In the case of 
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a chain of life (or organic phylum) we may regard each successive animal as 
a temporary excrescence of colloid substance round the equally colloid germ- 
plasm which persists continuously from generation to generation. The 
inherent forces of this germ-plasm^ therefore, act iipoii a consecutive series 
of excrescences (or animal bodies), struggling not for geometrically arranged 
boundaries, but towards various other symmetries, and a hxii^y in number 
of multiple parts. When the extreme has been reached, activities cease, and 
sooner or later the race is dead. 

Such are some of the most important general results to which the study 
of fossils has led during recent years ; and they are conclusions which every 
new discovery appears to make more certain. When we turn to details, 
however, it must be admitted that modern systematic researches are con- 
tinually complicating rather than simplifying the problems we have to solve. 
Professor Charles Deperet has lately writti'ii with scant respect of some of 
the pioneers who were content with generalities, and based tluhr conclusions 
on the geological succession of certain anatomical structiu’es rather than on 
a successive series of individuals and species obtained from tbe different 
layers of one geological section ; but even now I do not think we can do much 
better than our predecessors in unravelling real giuieabgies. At least Iho- 
fessor Deperet’ s genealogical table of the Lower Tertiary pig-like Aiithra- 
cotheriidjB, which he publishes as an illustration of ‘ evolution rec^Ile,’ seems 
to me to be no more exact than several tables of other groujis by previous 
authors which he criticises. His materials are all fragmentary, (‘hiefly jaws 
and portions of skulls; they were obtained from smau’al isolated lake- 
deposits, of which the relative age cannot be lUdiTinined !>>’ observing the 
geological superposition; and they represent a group wbicdi is known to 
have lived over a large part of Europe, Asia, Northern Africa, and North 
America. There is therefore no certainty that the gemua and s|)(.‘cies 
enumerated by Professor Deperet actually <tviginated one from ilie other in 
the region where he happened to find them ; Ik* has demonst rated the gt'iieral 
trend of certain changes in the Anthracotlieriidm during geologi(‘al time, but 
really nothing more. 

Even when a group of animals seems to havi* In'cn eontim‘d to oiu* (Mun- 
paratively small region, where the series is not (!omj)lieated l)y migration to 
and from other parts of the wcudd, modern n'seartdi still eiuplKisist'S the 
difficulty of tracing real lines of descent. The. priinitivi* horned hoofed 
animals of the family Titanotheriidm, for i‘xamplc, are only known from 
part of North America, and they seem to have originah'd and rmnained 
there until the end. As their fc»ssil skeh'tons are abundant and well 
preserved, it ought to be easy to discover tbe i‘xact conm'<dions of tbe 
several genera and species. Professor Osborn has now ')>roviMl, however, ihat 
the Titanotheres must have evolved in at least four distinct lin<‘s, adapted 
‘ for different local habitat, different modes of ft‘(‘ding, figlding, btcoinoiion, 
&c., which took origin, in part at least, in the 'Middh/or TpiKW Eocene.' 
They exhibit ‘four distinct types in tbe sba])e and ])osition of the horns, 
correlated with the structure of the nasals and frnntals, and indicative of 
different modes of combat among the males.' Tbe ramifications of the group 
are indeed so numerous that the possibility of following chains of aiui'stors 
begins to appear nearly hopeless. 

Among early reptiles the same difficulties are continually mulliplit'd ]»y 
the progress of discovery. About twenty years ago it bc'gan to appear likely 
that we should soon find the terrestrial ancestors of the ivhthyosauria in the 
Trias and somewhat later a sjK^cimen from California raised hopes of 
obtaining them by systematic explorations in that region. During more 
recent years Professor J. 0. Merriam and bis collojigues havt* atd ually made 
these explorations, and the result is that we now know from tin* (kalifornian 
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Trias a multitude of reptiles, whicli need more explanation tlian the 
Ichtliyosauria themselves. Professor Merriani has found some of the links 
predicted between Ichthyosaurs and primitive land reptiles, but lie has by 
no means reached the beginning of the marine group ; and while making 
these discoveries he has added greatly to the complication of the problem 
which he set out to solve. 

Serious difficulties have also become apparent during recent years in 
determining exactly the origin of the mammals. For a long time after the 
discovery of the Anomodont or Tlieromorph reptiles in the Permian- Trias 
of South Africa, it seemed more and more probable that the mammals arose 
in that region. Even yet new reptiles from the Karoo formation are con- 
tinually being described as making an astonishingly near approach to 
mammals ; and, so far as the skeleton is concerned, the links between the 
two grades are now very numerous among South African fossils. Since these 
reptiles first attracted attention, however, they have gradually been found in 
the Permian and Trias of a large part of the world. Kemains of them were 
first met with in India, then in North America, and next in Scotland, while 
during the last few years Professor W. Amalitzky has disinterred so many 
nearly complete skeletons in the north of Russia that we are likely soon 
to learn more about them from this European country than from the South 
African area itself. Quite, lately I have received numerous bones from a 
red marl in Rio Grande do Sul, Southern Brazil, which show that not merely 
Anomodonts, but also other characteristic Triassic land reptiles were likewise 
abundant in that region. We are therefore now embarrassed by the richness 
of the sources whence we may obtain the ancestors of mammals. Whereas 
some years ago it appeared sufficient to search South Africa for the solution 
of the problem, we are now uncertain in which direction to turn. We arc 
still perhaps inclined to favour the South African source ; but this is 
only because we know nothing of the Jurassic land animals of that part of 
the world, and we cherish a lingering hope that they may eventually 
prove to have included the early mammals for which we have so long sought 
in vain. 

The mystery of the origin of the marine mammals of the order Sirenia 
and Cetacea appears to have been diminished by the discoveries of the 
Geological Survey of Egypt, Dr. Andrews and Dr. Fraas in the Eocene 
and Oligocene deposits of the Mokattam Hills and the Fayum. It is now 
clear that the Sirenians are closely related to the small primitive ancestors 
of the elephants ; while, so far as the skull and dentition are concerned, we 
know nearly all the links between the early toothed whales (or Zeuglodonts) 
and the primitive ancestors of the Carnivora (or Creodonts). The most primi- 
tive form of Sirenian skull hitherto discovered, however, is not from Egypt, 
but from the other side of the world, Jamaica ; and exactly the same 
Zeuglodonts, even with an associated sea-snake, occur so far away from 
Egypt as Alabama, U. S.A. The problem of the precise origin of these 
marine mammals is therefore not so simple as it would have appeared 
to be had we known only the Egyptian fossils. The progress of discovery, 
while revealing many most important generalities, has made it impossible 
to vouch for the accuracy of the details in any ‘ genealogical tree.’ 

Another difficulty resulting from the latest systematic researches is sug- 
gested by the extinct hoofed mammals of South America. The llamas, deer, 
and peccaries existing in South America at the present time are all immi- 
grants from the northern continent ; but during the greater part of the 
Tertiary period there lived in that country a large number of indigenous 
hoofed mammals, whicli originated quite independently of those in other 
regions. They seem to have begun in early Eocene times much in the same 
manner as those of the northern hemisphere ; but as they became gradually 
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adapted for life on hard ground, they formed groups which are very different 
from those with which we are familiar in our part of the world. ^ Some of 
them (Proterotheriidee) were one-toed mimics of the horses, but without the 
advanced type of brain, the deepened grinding teeth, the mobile neck, or the 
really effective wrist and ankle. Others (Toxodontidje) made some approach 
towards rhinoceroses in shape and habit, even with a trace of a horn on the 
nose. Until their independent origin was demonstrated, these curious 
animals could not be understood ; and it is probable that there are innumer- 
able similar cases of parallel development of groui)s, by which in our 
ignorance we are often misled. 

It would be easy to multiply instances, but I think I have now said 
enough to show that every advance in the study of fossils reveals more 
problems than it solves. During the last two decades the progress in our 
knowledge of the extinct backboned animals has been truly astonishing, 
thanks especially to the great explorations in Nortli America, Patagonia, 
Egypt, Madagascar, and South Africa. Whole groups have been traced a 
long way towards their origin ; but with them have been found a number 
of previously unknown groups which complicate all questions uf evolution 
to an almost bewildering extent. Animals formerly known only by frag- 
ments are now represented by nearly complete skeletons, and several which 
appeared to have a restricted geogu'aphical range have now been found over 
a much wider area ; but while this progress has been made, numerous ques- 
tions have arisen as to the changing connections of certain lands and seas 
which previously seemed to have been almost settled, ddie outlook b(,)th of 
zoology and of geology has, therefore, been immensely widened, but tlio only 
real contribution to philosophy has been one of generalities. Some of the 
broad principles to which I have referred are now so clearly established 
that we can often predict what will be the main result of any given e.vplora- 
tion, should it be successful in recovering skeletons. We are no longer bold 
enough to restore an entirely unknown extinct animal from a single bone 
or tooth, like the trustful Cuvierian school ; but there are many kinds of 
bones and teeth of which we can determine the approxiinaU' g<'ologi(^al age 
and probable associates, even if we have no exact knowl(Hlg(‘ of ilu' animals 
to which they belong. A subject which began by pi'oviding mahu’ial for 
wonder-books has thus been reduced to a sciencx^ sunUmmtly precise to be 
of fundamental importance both to zoology and to geology ; and ifs (*xa(d.i- 
tude must necessarily increase with greater and gre,aier rapidity as our 
systematic researches are more clearly guided by tlu^ (^xpcricmcc' we have 
already gained. 
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I. 

Charles Darwin. 

This is the year of centenaries. Perhaps in no other year in history were 
so many men born destined to impress their genius on the literature, the 
politics, and the science of the world as in 1809. The number of literary 
men who first saw the light in that anmis mimhilis is almost too long to 
mention "Mark Lemon, the genial editor and one of the founders of 
Funoh ; ‘ Crimean ’ Kinglake ; John Stuart Blackie, till lately a well- 
known figure in Edinburgh ; Monckton Milnes, the first Lord Houghton, 

‘ poet, critic, legislator, the friend of authors ’ and the father of Lord 
Crewe who at present pi*esides over that most important of all Government 
offices-4hat of the Colonies. One could prolong the list, and one must at 
least mention the names of Louis Braille, the inventor of the Braille type 
for the blind, of Fanny Kemble and of Elizabeth Barrett Browning, before 
passing on to remind you that this year is also the centenary of Tennyson 
who, with Browning, fomed the twin stars of poetry during the reign of 
Queen Victoria, and who from his intimate knowledge of natural history 
and his keen power of observation was essentially the poet of Darwinism. 
Of his long-life friend, born the same year, Edward Fitzgerald, the trans- 
lator-one feels almost inclined to say author~of Omar Khayyam, and of 
the gifted musician Mendelssohn there is no time to speak. 

On this side of the Atlantic, and yet not wholly on this side, for he 
spent .five impressionable school years at Stoke Kewington, we have that 
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‘ fantastic and romantic ’ genius Edgar Allan Poe. Later he studied at 
West Point, where surely he must have been as mconpuous a student as 
JamL Whistler himself. We have also that kindly humorous physician 
Ol^er Wendell Holmes, a nature ‘ sloping towards the southern side as 
Lowell has it. Amongst many recollections of literary men I cherish none 
more dearly than that I once entertained him in my Cambridge and once 

'^'*Tl™^other Mmes stand out. AVilliam Ewart Gladstone, that leader 
of 1X1.611 politiciaii Siiid & statcsnicni Cfl-pEbl© moiG iiliciii most itigii at 
once 0/ aronsing the warmest affection of his followers and the bitterest 
hatred of those who went the other way. Cultured as he was and widely 
read he had his limitations, and although his tenacious memory was 
stored with the humanities of all the ages, lie was singularly devoid of 
any knowledge of science. If we may paraphrase the words of Lord Moiiey 
in his estimate of Gladstone’.s writings, we would say that his place is not 
in science, ‘ nor in critical history, but elsewhere.’ 

Abraham Lincoln, the greatest man born on this continent since the 
War of Independence, was some ten months older than Gladstone. Both 
men were great statesmen, both men were liberators; .for we must not 
forget that in many minds the help Gladstone gave to Italy in lun- struggle 
for freedom and union remains the most enduring thing he a<-hievtid. 

Yet in externals how different ! One the finished, cultured product of 
the most aristocratic of our public schools and the most ancient of our 
universities, the other little read in the classics or in me<li{eval and 
ecclesiastical lore, yet deeply versed in the knowledge of men and how to 
sway them. Rugged, a little rough if you like, humorous and yet sad, 
eminently capable, a strong man, and at heaii: ‘ a very pc'rfcd; genii cm an.’ 

On the same day, February 12 th, upon which Lincoln first saw the light, 
was born at the ‘ Mount,’ Shrewsbury, a little child destijn‘<l as lie grew 
up to alter our conceptions of organic life perhaps more profoundly than 
any other man has ever altered them, and this not only in ilu' snbj(.'(‘ts 
he made his own, but in every department of bmnan knowh'dgi^ atid 
thoughf. 

Being as I am a member of Charles Darwin’s own college, <-()nnng as T 
do straight from the celebration in which the whole woidd united to do 
his memory honour, it would seem meet that I slionhl in this y('ar oi the 
centenary of his birth devote this address to a consideration of his lifi' 
and of his work, and of such confirmation and modification of his ilu'ories 
as the work of the last fifty years has revealed. 

As to the man, I can but quote two estimah^s of his character, by 
a college companion who lived on terms of close intiinat’y with Darwin 
when at Christ’s, the other the considered judgment of who kiH'W ami 
loved and fought for Darwin in later life. 


Mr. Herbert says : — ■ 

‘It would be idle for me to speak of his vast intelleetaial powiU’S . . . 
but I cannot end this cursory and rambling skx'tc.h without testifying, 4iml 
I doubt not all his suiwiving college friends would concur with* ims that 
he was the most genial, warm-hearted, generous, and affetdionate of 
friends ; that his sympathies were with all that was good and triu^ ; and 
that he had a cordial hatred for everything fals(^ or vihs <u* <’nul, or 

' Poe Imd from lak eighth to Ms thirteenth year at the ‘Manor House 
School, Stoke Newington, at that time a village, now swallowed up by 
me metropolis. Poe described the place as he know it, and Ins schoolmaster, 
Dr. Bransby, m William Wilson. 
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mean, or dishonourable. He was not only great, but pre-eminently good, 
and just, and lovable.’ 

Professor Huxley, speaking of his name, says ' 

‘ They think of him who bore it as a rare combination of genius, 
industry, and unswerving veracity, who earned his place among the most 
famous men of the age % sheer native power, in the teeth of a gale of 
popular prejudice, and uncheered by a sign of favour or appreciation 
from the official fountains of honour ; as one who, in spite of an acute 
sensitiveness to praise and blame, and notwithstanding provocations which 
might have excused any outbreak, kept himself clear of all envy, hatred, 
malice, nor dealt otherwise than fairly and justly with the unfairness 
and injustice which was showered upon ‘him; while, to the end of. his 
days, he was ready to listen with patience and respect to the most insig- 
nificant of reasonable objectors.’ ^ 

It has been somewhat shallowly said — said, in fact, on the day of the 
centenary of Darwin’s birth — that ‘ we are upon very unsafe ground when 
we speculate upon the manner in which organic evolution has proceeded 
without knowing in the least what was the variable organic basis from 
which the whole process started.’ Such statements show a certain miscon- 
ception, not confined to the layman, as to the scope and limitations of 
scientific theories in general, and to the theory of organic evolution in 
particular. The idea that it is fruitless to speculate about the evolution 
of species without determining the origin of life is based on an erroneous 
conception of the tme nature of scientific thought and of the methods of 
scientific procedure. For science the world of natural phenomena is a 
complex of procedure going on in time, and the sole function of natural 
science is to construct systematic schemes forming conceptual descriptions 
of actually observed processes. Of ultimate origins natural science has no 
knowledge and can give no account. The question whether living matter 
is continuous or not with what we call non-living matter is certainly one 
to which an attempted answer falls within the scope of scientific method. 
If, however, the final answer should be in the affirmative, we should then 
know that all matter is living ; but we should be no nearer to the attain- 
ment of a notion of the origin of life. No body of scientific doctrine suc- 
ceeds in describing in terms of laws of succession more than some limited 
set of stages of a natural process ; the whole process — if, indeed, it can 

be regarded as a whole must for ever be beyond the reach of scientific 

gras]). Idle earliest stage to which scdence has succeeded in tracing back 
any part of a si‘qiience of ])henomena constitutes a new problem for science, 
and tliat without end. There is always an earlier stage and to an earliest 
we can never attain. The questions of origins concern the theologian, the 
metaphysician, peidiaps the poet. The fact that Darwin did not concern 
himself with questions as to the origin of life nor with the apparent 
discontinuity between living and non-living matter in no way diminishes 
the value of liis work. The broad philosophic mind of the great master 
of inductive method saw too fully the nature of the task he had set before 
him to ham])er himself with irrelevant views as to origins. 

No well instructed person imagines that Darwin spoke either the first 
or the last word about organic evolution. His ideas as to the precise mode 
of evolution may be, and are being, modified as time goes on. This is 
the fate of all sc.ientific theories; none are stationary, none are final. 

^ Life, and Letters of Charles Darwin, Vol. n. 1887, p. 179. 
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The deTelopment of science is a oontmuons process of evolution hie 
world of phenomena itself. It has, however, some few landmarks which 
stand out exceptional and prominent. None of these is greater or will be 
more enduring in the history of thought than the one associated with the 

nain.6 of Charles Darwin. i* j. xx, • i 

I cannot indeed, attempt to weigh or estimate the influence and the 
far reachincr’ import of the work which all the world has been • weighing 
and estima'ting during this year, the centenary of his birth and the 
iubilee of the Origin of Species. I cannot, to my intense regret, give you 
any personal recollections of Darwin, for though I think I once saw him 
in the streets of Cambridge, I have to my sorrow never been absolutely 


sure that this was so. i t-t 

But in reading his writings and his son s most admirable Life, one 
attains a very vivid impression of the man. One of his _ dominant 
characteristics was simplicity-simplicity and directness. In his style he 
was terse, but he managed to write so that even the most abstruse problems 
became clear to the public. The fascination of the story he had to tell 
was enhanced by the direct way he told it. 

One more characteristic. Darwin’s views excited at the time intense 
opposition and in many quarters intense hatred. They were criticised from 
every point of view, and seldom has a writer been more violently attacked 
and abused. Now what seemed to me so wonderful in Darwin was that— 
at any rate as far as we can know— he took both criticism and abuse with 
mild serenity. What he wanted to do was to And tlie truth, and he care- 
fully considered any criticism, and if it helped him to his goal he thanked 
the critic and used his new facts. He never wasted time in replying to 
those who fulminated against him ; he passed them by and wont on with 
his search. 

In the development of the theories associated with Darwin’s wf)rk the 
New World played a prominent part. Darwin’s ‘ WaiKh'rjalire ’ were 
spent on this side of the Atlantic. The ctmtral <loctriiU' of evolution 
through natural selection was forced his mind l)y the studies and 

researches he made in South America during the voyage rd ihe lieagle. 
The numerous observations in all departmi'iits of natural science' and the 
varied forms of life he came across in this classical journey were' tliei bricks 
with which he built many of his later theorie-es. The storm ed (‘outroversy 
which the Origin of Species awoke was at least as viedemt in Aiiioi'ica as in 
Great Britain, and we must not forget the parts played by uu'u like* TTyalt-, 
Fiske, Osborn, and many others, and above all by Asa Gray euid by Breinks 
of Baltimore, whose recent death has robbed Arnerie'a <d penhniis her 
greatest Darwinian. 

It is a somewhat remarkable fact that whilst the‘ works <d Darwin 
stimulated an immense amount of reseandi in biology, this rew'aiv'li did 
not at first take the line he himself had traced. With sonu' (‘XiH'ption 
leading zoological work of the end of the last ci'iitury llu^ form of 
embryology, morphology, and palseontology, and siudi subjects as cell- 
lineage, ‘ Entwickelungsmechanik ’ ; the minute stnicture. of proi.oplasm, 
life-histories, teratology, have occupied the minds of thos(' wbo intc'rest 
themselves in the problems of life. Along all theses lines of u'sciarch. man 
has been seeking for the solution of that secret of natun' which at the 
bottom of his heart he knows ho will never find, and yet ilu* ])ursnit of 
which is his one-abiding interest. Had Frank Bal four we sbould, I 
thinkj have sooner returned to the broader lines of rescar<'b as pra<dis(*d 
by Darwin, for it was his intention to turn himself to the ]dvysiob>gv- using 
the term in its widest sense— of the lower aniTnals. 1k>wa‘rds fiw end of 
the nineteenth century, stimulated by Galion, Weldon bi'i^aui tlioso series 



PRESIDENTIAL ADDRESS. 


5 

of measurements and observations wliich Rave culminated in the establish- 
ment, under the guidance of his friend and fellow-worker, Karl Pearson, 
of a great school of eugenics and statistics in London. With the beginning 
of the twentieth century came the rediscovery of Mendel’s facts, and with 
that an immediate and enormous outburst of enthusiasm and of work. 
Mendel has placed a new instrument in the hand of the breeder, an 
instrument which, when he has learnt to use it, will give him a power over 
all domesticated animals and cultivated crops undreamt of before. We are 
getting a new insight into the working of heredity and we are acquiring a 
new conception of the individual. The few years which have elapsed since 
men’s attention was redirected to the principles first enunciated by the 
Abbot of Brlinn has seen a great school of genetics arise at Cambridge 
under the stimulating energy of Bateson, and an immense amount of work 
has also been done in France, Holland, Austria, and especially in the 
United States. As the work has advanced, new ideas have arisen and 
earlier formed ones have had to be abandoned ; this must be so with every 
advancing science ; but it has now become clear that mutations occur and 
exist especially in cultivated species, and that they breed true seems now 
to be established. In wild species also they undoubtedly occur, but whether 
they are so common (in uncultivated species) remains to be seen. If they 
are not, in my opinion a most profitable line of research would be to 
endeavour to determine what factor exists in cultivation which stimulates 
mutation. 

To what extent Darwin’s writings would have been modified had 
Mendel’s work come into his hands w^e can never know. He carefully 
considered the question of mutation, or, as they called it then, saltation, 
and as time went on he attached less and less importance to these variations 
as factors in the origin of species. Ray Lankester has recently reminded 
us that Darwin’s disciple and expounder, Huxley, ‘ clung to a little heresy 
of his own as to the occurrence of evolution by saltatory variation,’ and 
there must have been frequent and prolonged discussion on the point. That 
‘ little heresy ’ has now become tlie orthodoxy of a number of eager 
and thoughtful workers who are at times 3‘ather aggressive in their 
attacks on the supporters of the old creed. ‘ That mutations occur and 
exist is obvious to everyone, but that they arc of frequent occurrence 
under purely natural conditions is,’ Sir William Thiseltoii-Dyer 
thinks, ‘unsupported by evidence.’ The delicate adjustment between 
an organism and its natural surroundings suggests that sudden change 
of a marked kind would lead to the extinction of the mutating 
individual. As far as I can understand the matter in dispute, 
Darwin and his followers held that evolution had proceeded by small steps, 
for which we may accept de Vines’ term fluctuations ; whilst the Muta- 
tionists hold that' it has advanced by large ones, or mutations. But it is 
acknowledged that mutations are not all of the same magnitude, some, 
e.f/., albinism ; brachydactyly in man ; dwarf habit or glabrousness in plants 
may be large; others, e.g., certain differences in shade of colour or in 
size, are insignificant, and indeed Puiinett has suggested that under the 
head of fluctuating variation we are dealing with two distinct phenomena. 
He holds that ‘ some of the so-called fluctuations are in reality mutations, 
whilst others are due to environmental influence.’ He thinks the evidence 
that these latter are transmitted is slender, and later states that ‘ Evolu- 
tion takes place through the action of selection on these mutations. Where 
there are no mutations there can be no evolution.’ The disagreement about 
the way in which evolution has proceeded has perhaps arisen from a mis- 
understanding as to the nature of the two kinds of variation described 
respectively as mutations and fluctuations. Mutations are variations 
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arising in the germ-cells and due to causes of which we are wholly ignorant ; 
fluctuations are variations arising in the body or ‘ soma ’ owing to the action 
of external conditions. The former are undoubtedly inherited, the latter 
are very probably not. But since mutations (using the word in this sense) 
may be small and may appear similar in character to fluctuations, it is 
not always possible to separate the two things by inspection alone. The 
whole matter is well illustrated by the work of Jolianiisen on beans. He 
found that while the beans borne by any one plant vary largely in size, 
yet if a large and a small bean from the same plant are sown, the mean 
size and variability of the beans on the plants so produced will be the same. 
The differences in size are presumably due to differences of condition and 
are not inherited. But if two beans are sown, one from a plant with 
beans of large average size, and one from a bean of small average size, the 
bean plant whose parent had the high average will bear larger beans than 
the one from the parent with small average beans. The faculty of pro- 
ducing a high or low mean size is congenital, is a mutation in the sense 
used above, and is inberited.' It is no doubt unfortunate that the word 
mutation lias been used in several different senses, for it seems to have led 
to most regrettable confusion and misunderstanding. 

As I have said, in such a year, and in my position, I ought perhaps 
to have devoted the whole of this address to the more philosophical side of 
our subject ; but, in truth, I am no philosopher, and I can only say, as 
Mr. Oliver Edwards, ‘an old fellow-collegian’ of Dr. Johnson’s said to 
the ‘great lexicographer’ when they met after nearly half a century of 
separation : ‘ I have tried too in my time to bo a philosopher, but I don’t 
know how, cheerfulness was always breaking in.’ 


11 . 

0 rgan ising Zooh >g y . 

I now turn to a subject of the greatest moment and of the greatest 
difficulty, and one on which there is little general consensus of opinion. 
The question I wish to raise is this — are the zoologists of the world sotting 
about their task in an economic and efficient way? 

We live surrounded by a disappearing fauna. Species are disappearing 
from the globe at a greater rate than even the most ardent mutationist 
claims they are appearing. To mention but a few striking cas(^s: The 
European beaver has almost gone, though a few linger on around tlie 
periphery of the Continent. Norway, tlic lower Danube, Eastern and 
Arctic Russia still harbour them, and a very few arc said still to inhabit 
the Rhine and the Rhone. The European bison is now repR'ScntiHl by a 
few wild specimens in the Caucasus. The American bison is reduced, and 
that by the deliberate and calculated actioii of man, to a few herds most 
carefully preserved by Government ; the largest of these, containing some 
600 heads, is now at the National Park at Wainwright. Equally de- 
liberate and equally calculated is the destruction of the fur-seal wliicli 
threatens soon to be complete. The Greenland stealing is almost a thing 
of the past. In 1860 British vessels killed 68,278 seals ; in 1866, 103,758 ; and 
this went on until 1895, when the pursuit was abandont'd by the British, 
it being no longer found to pay them, though Norwegians still continue 
• British ports killed 148 whales; 

in 1881 12 vessels killed 48 whales; last year 6 Dundee vessels killed but 15, 
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and the year before that but 3. The whalers sailing from Newfoundland 
ports killed 1,275 whales in 1904, 892 in 1905, and only 429 in 1906. 

At the present time certain Norwegian whaling companies have been 
for the last few years actively at work in the Shetlands, and are killing off 
as fast as they can the common rorqual {JBalcenoptera musculus L.), the lesser 
rorqual {B. rostmta), Sibbald’s rorqual {B. sibhaldi Gray), the cachalot 
(Bhyseter macro cephalus L.), the humped-back whale {Megaptera hoops 
L.), and, when they can reach him, the Atlantic right whale (Baloena 
mAjsticetus L.). These are killed primarily for their blubber, but the 
economy of the factories rivals that of the Chicago pork packing industries. 
Nothing is wasted, the flesh is made into sausages, which are readily eaten 
in Central Europe, and the bones are ground up to make manure. No animal 
which produces but few young can withstand such persistent and organised 
attacks on the part of man and I fear, before many years are passed, 
many species of whale will be extinct. At the present moment the two right 
whales seem almost on the verge of extinction, and Balana mysticetus will 
probably go before B. australis. Nothing shows this more clearly than the 
price of whalebone, which has gone up in the last eighty-four years from 
561. per ton to 2,100/. per ton, or from 12cs. a pound to $4.90, and in 
some years to $5.80 a pound. The number of pounds on sale in the 
United States has dropped from 2,916,500 in 1851 to 96,600 in 1906. With 
the whales will disappear the whale-lice and the whole of the very interest- 
ing parasitic fauna which inhabit their vast interiors. 

The disappearance of the large game from enormous tracts of country 
in Africa is too well known to delay us. The elephant, except where pre- 
served in the Litzikama Forest, near Mossel Bay, and in the Addo Bush, 
near Fort Elizabeth, is exterminated south of the Limpopo. The price of 
ivory again is a measure of the nearness of its extinction. The best 
pieces, which are used for billiard balls, have risen in price from 55/. 
a cwt. in 1882 to an average of 100/. a cwt. in 1908. The common and 
the brindled gnu (Connnchoetes faurinvs) are fated to follow the extinct 
quagga. The blesbok (Damaliscus alhifrons), formerly found in thousands 
in Cape Colony, the Transvaal, and Bechuanaland, is now very rare and 
seems doomed. The giraffe* has long been driven out from South Africa, 
though it still roams over large tracts of country in East and Central 
Africa. 

Perhaps the most striking case of the disappearance of a mammalian 
fauna is that presented in Western Australia. Here many districts are 
now said to be entirely devoid of indigenous mammals, and this depletion 
is in the main an affair of only the last thirty years, and many of the 
local extinct forms are still remembered by the older natives and colonists. 
Mr. Shortridge, a collector ^^ho has worked for some years in South-west 
and Western Australia, writes in a letter : ‘ The entire disappearance of 
so many species over such large tracts of country is generally considered 
to be duo to sonui epidemic ])erha])s brought into the land by introduced 
animals. It is to be noted that they have died out chiefly in the dry 
regions, where, except for the introduction of sheep, there has been very 
little alteration in the natural conditions. Rabbits, although already very 
numerous in the Centre and South-east, have not as yet found their way 
to the North-west.’ Amongst the mammals which have almost, if not 
quite, disappeared fi’om West Australia are the banded wallaby (Lago- 
sirophus fasciaMis), the hare wallaby (Lagochestes hirsutus), the rat- 
kangaroos {Potoroiis gilherti and P. platyops). The indigenous rats and 
mice of Australia are disappearing even faster than the marsupials, and 
it seems probable that many will not be heard of again. 

A very few years ago the ship employed by the company which is 
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exploiting the phosphates of Christmas Island introduced the brown rat 
(iU. decwnanus) there. Within a short time the two indigenous rats first 
collected by Mr. C. Andrews, of the British Museum, named Mus madeari 
and Mm novitatis, were wiped out of existence. The same animal having 
been introduced in North America, is gradually spreading, and as it 
spreads the native fauna of Muridae is slowly vanishing. 

To adorn our ladies’ heads some of the most beautiful of birds are being 
systematically exterminated. In the London market alone were sold last 
year some 60,000 sooty terns (Sterna fulighiosa, S. anmtheta, and S. 
honata), 20,000 specimens of the crowned pigeon (Gonra) from New 
Guinea, their sole habitat, immense numbers of ‘ osprey ’ feathers, egret 
and heron, and over 50,000 birds of paradise, or more than double the 
number of the year before. 

I have no time to continue this melancholy record, but it could be 
prolonged almost indefinitely. 

When we reflect how greatly we treasure every scrap of knowledge we 
can glean about such recently extinct animals as the 2? teller’s 
sea-cow — the dodo, the great auk, we must see that if it bo impossible to 
check the gradual disappearance of those animals doomed to extinction, we 
should at least monograph them and take every care that what can be per- 
manently kept of their stracture should be kept. In respect to the record- 
ing of the habits and physical features of a disappearing race, the 
anthropologists are setting an example which the zoologists would do well 
to follow. 

We are living with a disappearing fauna around us, and numerous as 
the museums of the world are, and skilled and painstaking as the curators 
of these museums are, they are both wholly inadequate to deal with the 
material at hand. Some dozen years ago Br. Gunther made a very careful 
estimate of the number of species of animals which wei'e known in the 
years 1830 and 1881. I summarise his table : — 


Number af Species known in the years 1830 and 1881 . 



1880. 

1881. 

Mammalia 

1,200 

2,300 

Aves 

3,000 

11,000 

Eeptilia. and Batrachia 

543 

3,400 

Pisces 

3,500 

11,000 

Mollusca 

11,000 

33,000 

Bryozoa 

(40) 

320 

Crustacea (year 1840). 

(1,200) 

7,500 

Arachnida 

1,408 

8,070 

Myriapoda 

4.50 

1,300 

Insecta 

49,100 

220,150 

Echinodermata (1838) 

(230) 

1,843 

Vermes (1888) 

(372) 

(J,070 

Coelenterata (1834) . 

500 

2,200 

Porifera (1835) . 

(50) say 

400 

Protozoa (1838—44) say 

cm) 

3,300 


73,588 

311,053 


Takin^g an average year between 1881 and the present date, but rather 
nearer the latter, because each year the number of newly described species 

according to the zoological record 
let us call it 12,450--new species were described in the year 1897. 
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Number of new S 2 )eGies described in the year 1897. 


Mammalia 

A\es. 

Reptilia and Batrachia 
Pisces 
Mollusca . 
Brachiopoda 
Bryozoa . 

Crustacea . 

Araohnida 

Myriapoda 

Insecta 

Echinodermata 
Hermes 
Coelenterata 
Porifera . 

Protozoa . 


, 285 

, lOo 
140 
148 
1,077 
7 
6 

239 

659 

275 

8,364 

491 

294 

164 

95 

_100 

12 , 4"’49 


This number, however, includes fossils which I do not think were included 
by Dr. Gunther. We might deduct 450 for them if we wish to confine our 
attention to living animals. This leaves us 12,000. If we multiply this 
by 27, the number of years which have elapsed since Dr. Gunther made 
his estimate, we find a total of 324,000. This number is possibly too large, 
as it makes no allowance for synonyms, still it is a rough indication that 
since 1881 the number of described species has been doubled. Isolated 
groups, such as the mammals, treated in the same way, give us fairly 
similar results, so that now we may, I think, say that there are over 
600,000 described species of living animals. 

It thus appears that during the fifty-one years in the middle of the 
last century the number of known species grew by some 238,000, giving an 
average increase of a little under 5,000 per annum. At the present day 
there are far more workers in the field than there were thirty years ago, 
museums have multiplied, and there are many more zoologists, and it is 
now estimated that the number of species annually described and named 
amounts to some 12,000. 

The number, large as it seems, is, however, but small in comparison 
with the number of species collected and deposited in museums where no one 
has time to work them out. It is still smaller in comparison with the 
vast numbers of species as yet uncaptured. Dr. Sharp, in 1895, calculated 
that there were a quarter of a million known and described insects. This 
was an increase of 30,000 over Gunther’s figures of fifteen years before, but 
he states that in his opinion this quarter of a million is but one-tenth of 
those which exist. 

With the exception of the larger mammalia — though the Okapi warns 
us the exception may yet prove the rule — ^there is no group of animals 
which may not yield us new surprises — no group which we can regard as 
well worked out, though naturally some are better known than others. 
What, then, are the zoologists of the world doing to record the animal life 
around them? One thing of late is certainly an improvement. During 
last century tht,' great zcwfiogical collections were in the main increased 
and augmented by the chance gifts of hunters and sportsmen, whose chief 
object in their expeditions was not zoology but what is termed ‘ soort.’ 
Many valuable gifts are still received from such sources, but it is now 
recognised that we must not in these matters trust to the sportsman alone. 

D 3 
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The plan of attaching trained naturalists and experts in taxidermy to an 
espeditiou avowedly meant for other pnrpo^s is good and is well er- 
enwlified by Mr. Rwsevelt’s ‘safari’ iii East Africa at the present time. 
We may hope that we may never again see an e.ypedition without a single 
trained naturalist on its staff, such as the last Stanley led across Africa. 
A still better plan is to send out expeditions of trained naturalists to do 
definite "pieces of work. Such expeditions as Andrews and Foster Cooper 
and Osborn to the Fayum for fossils, of Cunnington and Boulenger to the 
same re^^ion to investigate the fauna of the lake, or Wollaston and his 
companions to the Ruwenzori district, yield a harvest one hundred times 
more abundant than the best of other schemes. ^ ^ 

Yet even here I would plead for a little more organisation. One must 
not sucrcrest too rigid a scheme, and it is to be hoped that in the future, as 
in the mst, there will always be found wealthy men willing to devote their 
enert^ies to the advancement of zoology. Such work as has been done by 
Mr. "Oodman on the fauna of Central America, one of the richest regions 
in the world, and now, owing to his munificence, one of the best known. 
The stately array of volumes embodying these results is paralleled by the 
magnificent monographs in which the results of the Prince of Monaco’s 
marine researches are recorded, and by the monographs of the Princeton 
Expedition to the Argentine, financed by one of the richest of the mil- 
lionaires of the United States. We trust that such enterprises will always 


continue. 

With regard, however, to expeditions financed from public funds which 
are sent out officially, it might be possible to have more international co- 
operation. Just as the members of the Geodetic Survey meet from time to 
time and determine the next step to be taken in the triangulation of the 
world, so it seems to me might the members of the chief museums of the 
world meet, say, triennially, and draw up certain thought-out plans for 
the exploration of the zoological world. 

With regard to working out the material when collected, the existing 
museums of the world are too few, and their staffs are too small to deal 
not only with the huge collections which are constantly pouring into their 
buildings, but even with the accumulated stores already housed there. 
In our smaller state museums it is not uncommon to find men who are 


responsible for the whole of the Arthropoda. Only within the last few 
months I have had to try and find a curator for a Metro}X)litan museum 
who was expected to he a specialist in fishes, molluscs, and arachnids. 
Now is it possible to expect such men, able and zealous as tliey are, 
to accurately determine species in these vast and complex groups? 
My own feeling is — but I fear I shall carry no one with me-- 
that we must specialise still further. I should like to see each of 
the great classes of the animal kingdom assigned to one of the great 
museums of the world. Just as an example— which is only an example, 
possibly a bad one— I suggest that all the type specimens of Amphibia be 
sent to one museum, say, if you like, that of Berlin or St. Petersburg ; in 
return for this that museum should distribute to others its types of fish, 
birds, etc. Then, at this museum there would arise a series cJ specialists 
capable of deciding swiftly and accurately on the validity of the claims of 
any new species of amphibian that may be advanced, xlgain, a student of 
Amphibia, instead of wandering round the museums of the world if lie 
wishes to study species, would find all he wants within the four walls of 
one building. When once the type is described and depositt‘d, it would 
be the duty of the museum to distribute co-types and accurately named 
specimens of the same species to other museums in some HH'oguised oitler. 
Smaller groups might be allocated to smaller museums, c.p.f the fleas to 
Tring- and the ticks to Cambridge — at both of tliese jilaces there are now 
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specialists working out world collections of these pests. What I want, is 
a world’s Clearing House for animals. I know I shall be told that my 
suggestions can never be realised, that international jealousies would 
prevent such a scheme being adopted, that I am proposing to fetter 
research. I admit the dif&culties, but do not regard them as insuperable. 
When you recall the international Clearing Houses for the Postal and 
Telegraphic service, for the banking of the world, and when we reflect 
what private enterprise does, under the name of Lloyd’s, for the shipping of 
the world, how it registers and describes and certifies with a minuteness 
not surpassed by any maker of species, each ship in the world ; how, 
through its signal stations and by other means, it follows the daily course 
of each vessel, so that at any hour of any day it can state where, under 
normal circumstances, that vessel is, it does not seem to me impossible to 
come to some understanding as to dealing with the animals of the world. 
Only by some such means can we hope to cope with the problem before us. 

One other fruitful source of ‘ waste of time ’ I will mention. That is 
the debateable matter of zoological nomenclature, more especially the q.'i^es- 
tions of synonymy. The British Association at their last meeting passed 
a resolution on the proposal of Mr. G. A. Boulenger in the following sense : — 

‘ The undersigned zoologists, whilst fully realising the justice and 
utility of the rule of priority in the choice of scientific names for animals, 
as first laid down by a committee of the British Association in 1842, wish 
to protest against the abuse to which it has been put as a result of the 
most recent codes of nomenclature, and consider that names which have 
had currency for 3 . great number of years should, unless preoccupied, be 
retained in the sense in which they have been universally used. Considering 
the confusion that must result from the strict application of the rule of 
priority, they would welcome action leading to the adoption of a scheme 
by which such names as have received the sanction of general usage, and 
have been invariably employed by the masters of zoology in the past 
century, would be scheduled as unremovable,’ 

Mr. G. A, Boulenger expressed disapproval of the extreme application 
of the rule of priority in zoological nomenclature on the ground that it 
had already produced much mischief under the pretence of arriving at 
ultimate uniformity. The worst feature of the abuse of this inile is not 
so much the bestowal of unknown names on well-known animals 
as the transfer of names from one to another, as in the case 
of Astac'us, Torpedo, ITolothwia, Simia, Gynoeepliahis, etc., so that 
the names which were uniformly used by Cuviei’, Johannes Mtiller, Owen, 
Agassiz, Darwin, Huxley, and Gegeiibam* would no longer convey anji 
meaning ; very often they would be misunderstood, and the very object for 
which Latin or Latinised names were introduced would be defeated. 

The International Congress of Zoology takes, I believe, a somewhat 
sterner view, but they are engaged in drawing up a list of names which they 
hope will be accepte<i for all time. I for one am prepared to accept them, 
and I am prepared to go further. I would ask the International Congress 
if, instead of drawing up a list of single species, or perhaps in addition to 
it, they would draw up a list of systematic monographs, the names in which 
may be regarded as final. After all, modern classification began with a 
book, and it would take no longer, or very little longer, to sanctify a book 
which may contain diagnoses of hundi'eds of species than to sanctify the 
single species. The id(‘a is due to Mr. Cyril Crossland, and he suggests — he 
was working at Chaeto])ods — that such works as Claparkle’s AnneJides 
Folip'lirfeii du- Golfe de Ntiples, Ehler’s Die BorsfenwUrmer, McIntosh’s 
Monograph of the Ih-ifJ.di Annelids be accepted. Possibly whole categories 
of books might be considered, such as the Cdiallenrjer Iteports, and especially 
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Bas Tiermch, the admirable volumes of which we owe to the enterprise of 
the Berlin Zoological Society. Such a scheme would certainly cause some 
minor injustices, but every scheme does that. The immense advantage of 
allowing a researcher to readily determine and give an accepted name to an 
animal he is investigating without waiting weary days in struggling through 
a vast and scattered literature for the sake of synonymy would surely far 
out-balance any temporary injustice. 

One last phase of my subject and I have finished with what I want to 
say on the subject of organising zoology. In Europe the great museums of 
our metropolitan towns are State museums, endowed by the State, managed 
by the State, and in Great Britain and Ireland staffed and curated by the 
State ; that is to say, the officials at the museums are Civil Servants. Let 
us consider for a moment what that means, and let us take the British 
Museum, which, in its entirety, is second to none in the world as an example 
of a State museum. 

The British Museum was established by an Act of Parliament in the 
year 1753 (26 Geo. II. cap. xxii). This Act sanctioiu'd the purchase of 
collections and library of Sir Hans Sloane, that prince of collectors, for 
the comparatively insignificant sum of 20,OOOL In fact, Sir Hans left his 
magnificent collection of natural objects, which, twenty years before his 
death, amounted to just under 70,000 specimens, his library of 40,000 
printed volumes and 4,100 manuscripts, to the nation, on condition that 
20,000b, about one-fourth of the estimated value of tlu' collections, be paid 
to his executors. Under the above-mentioned Act 10,000/. were paid to each 
of Sir Hans Sloane’ s daughters, Mrs. Stajih'y and Lady f'adogan. The 
same Act provided 10,000b for the purchase, from the Dueliess of Portland, 
heiress of the second Earl of Oxford, of the Harley collection of charters 
and manuscripts, which were then in the market, and other moneys for the 
purchase and repair of Montagu House, Bloomsbury, Jind for maintcaianco. 
The Act incorporated with the Museum the Cottonian f library at West- 
minster, which, by an Act of Parliament of William LH.’s reign, was under 
the care of trustees, chief amongst whom were the Archbishop of (kinterbury, 
the Lord Chancellor, and the Speaker; the money was raistnl by a lottery, 
and the museum was opened in January 1759, just 150 years ago. 

Now it will be noticed that at its formal birth the museum consisted of 
about two equal parts— on the one hand books and manuscripts, and on the 
other what used to be called ‘ natural objects.’ 

The ‘General Repository,’ as the Act of (ieorge 11. calli‘d it, was placed 
in the hands of a body of trustees, now foi*ty-njne in number, thri'c of tlu'ui 
relics of William III.— namely, the Archbishoj) of (kinterbury, the Lord 
Chancellor, and the Speaker of the House of ConuiKms, iiiv i.rustees by 
virtue of office. These three are known as the principal irusfees ; there are 
twenty-one other trustees in virtue of their uflice c.r/., the Bishop of 
London, the President of the Royal Society and Royal Academy, and so on 
—one is appointed by the Crown, nine reprosimt the familit's of donors, and 
fifteen are co-opted. So large and unwieldy a body (vimiot, as a whole, 
transact the business of a great museum, and they have largely delegatt‘(l 
their functions to a standing committee of the three principal tVnsti‘es and 
fifteen annually appointed representatives. 

Now the manner of appointing to the museum is this. The junior 
members of the staff are selected as the result of examination, and when 
appointed they become Civil Servants. Not a bad thing in itsidf, but bad 
for a man of science. He, through no fault of his own, becomt's (oitangh'd 
in red tape ; above all, he must not make himself a nuisanci' ; imp dv zvh 
must be avoided, his enthusiasms tend to become checkid, lu‘ is perpetually 
observing what is called ‘ official reticence/ and ho perfitrce spends his days 
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ill performing routine work during routine hours. No amount of skill and 
ability— and the staff at the museum is both skilled and able— hastens his 
promotion. This is a matter almost entirely of seniority. In fact, the con- 
ditions of the Civil Service are incompatible with that freedom to research 
in any line that proves most suggestive, and with that absence of outside 
control which alone makes scientific research on a large scale possible. 

The appointment to the senior staff, the keepers or heads of departments, 
the Director of the Natural History Museum, and the chief librarian, are 
vested in the three chief principal trustees. This takes us back to the 
reign of William III, and the Cotton Library at Westminster. No doubt 
the then Archbishop, the then Lord Chancellor, and the then Speaker, both 
from propinquity and from their abilities and training, were quite the best 
men who could be found for this position of trust towards this library. 
Probably the present holders of these exalted positions — ^positions which 
they most worthily fill and which gives two of them precedence after royalty 
in all Britain— are most fully endowed with the qualities which fit them to 
elect the senior staff for the library and for the collections of works of art 
and of antiquities at Bloomsbury. I doubt if the same eminent qualities 
enable them to deal equally satisfactorily with the higher posts in the 
Natural History Museum. If Parliament, or indeed any other body, were 
framing a scheme for the management of a great museum of science at the 
present time, I do not think it would occur to anyone that the holders of 
the exalted offices I have mentioned were specially fitted, either by the 
knowledge of the pressing scientific needs and problems of the moment or 
by their intimacy with the men of science of to-day, to be the most com- 
petent electoral body to choose keepers in geology, mineralogy, botany, 
and zoology. And, indeed, tlie existing arrangement has broken down. I 
do not know how long before Sir E. Pay Lankester’s resignation of the 
joint posts of Director and Keeper in Zoology, in December 1907, it became 
known to the trustees that that resignation was imminent, but I do know 
that it was talked about and written about months before that date. Yet 
after the resignation took effect one whole year elapsed before the trustees 
appointed a Keeper in Zoology ; for tAvelve months there was no head of a 
department which contains collections unrivalled in the world. It took the 
trustees about six months longer to find a Director, and for about eighteen 
months the charge of this great museum of natural history was vested, 
under the trustees, in the Chief Librarian at Bloomsbury. 

As Professor Ronald Ross could testify, after scientific research has 
placed it within the power of man to exterminate so deadly a disease as 
malaria, the real fight begins ; and the real fight is to persuade the 
authorities to adopt and enforce the measures which are offered them gratis. 
There is a case in point, if I am not misinformed, on this continent at the 
present time. It has boon known since the time of the making of the 
St. Gothard Tunnel that lasting and often fatal disease is caused by a 
small intestinal worm, known as the tunnel-worm or hook-worm. Within 
the last few yi^ars Dr. Wardell Stiles has shown quite clearly that the 
unhappy condition of ‘ poor while ’ of the Southern United States is due 
largely to their being affected by this hook-worm. Their bodies and their 
intellects are arrested in their development, and the adults amongst them 
are unable to understand the prophylactic measures he advocates, but the 
children can be taught if the ])roper organisation existed for teaching them. 
Many of the Southern States are friendly to the movement, and I know 
of no greater servie(‘ that the central Government of the United States 
could confer upon the inhabitants of these southern States, in which, as is 
well known. President Taft takes the deepest interest, than that of detailing 
Dr. Stiles for several months a year to organise and control this movement. 
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If this could be done, I believe— and I am here speakiu^ii: nf tilings that 
I do know— the United States Government would confer on their own people 
a benefit as great as they conferred on other nations when they freed 
Havana of yellow fever and Panama of malaria,. 

In concluding this part of my address ] wish to say a.s emphatii>ally as 
I can that if science is to take its propm’^ plmv in the polity of the nation 
we must endeavour to have men of sideiititic training, or at, least of scientific 
sympathies, in the Government and also in the (tovm'iiment oHici‘s. 

I cannot recollect the name of one singki Alinister t rained in natural or 
physical science amongst the numerous members of His Alajesty’s Govern- 
ments of the last thirty-five years. It is not so vvvy long ago— I am glad to 
say that one of the actors of my little story is stilly with us--that Sir Joseph 
Hooker, then Director of the Koyal Gardens at. Kew, was walldiig through 
the grounds with Mr. Ayrton, President of th<‘ Boar<I ol W'orks, wliicli in 
those days was the Government Department respoiisilih^ for Kew. They 
hajjpened to run across Mr, Beiitham, the gnvit authority upon the classi- 
fication of plants. Sir Joseph intro<luced him to tlu' Pri^sidmit. adding, 
‘he works in our herbarium.’ ‘ Dear nu',’ sa,i<i tint Prt'sidenf, ‘ 1 hojio you 
don’t get your feet wet.’ Now 1 do nut want for a monumt t<i suggt'.st that 
onr present genial President of the Board of Works whost' official connec- 
tion with Kew has been long severed- would not readily distinguish between 
an herbarium and an aquarium, but what T do wish to mnjiha.sise is that this 
ignorance of some of the most elementary (hdails (J sidentitic method exists 
in many of our rulers and in many of our junonanent olfiidals not in all by 
any means, I know of some mo.st notable ex<-eptions- hut, in many. It is 
but human to distrust what wo cannot understand, and it is this lack of 
understanding which is largely retarding ])rogivss at the pn^siait day. 

III. 

Intcrmdional Ocean llvscacch. 

As an example of international co-opmaifiou in scicniiilc I'cM'arch I may 
take the investigations which liave hi^en going lUi fur the last sevtui years 
in the Baltic Sea, in the North Sea, and in that giH‘at<'r .\(irv\»‘gian Sea 
which stretches from the western coast of .Nhu’way nudh to Spitzhergi-u and 
westward beyond Iceland and the Faroes. In this inquiry no less titan ten 
nations— in fact, all those whose shores touch llu'se seas havt' hail a .share 
—England, Scotland, Norway, Sweden, Finland, Bussia, Germany. Den- 
mark, Holland, and Belgium -and since im.ist of the.se countries liave a 
special steamer equipjied for rt^siuirch and under the command of men 
trained in scientific methods, it has hi^en jiossihle to collect a mass of facts 
connected with the seas of Northern Europe such as has ne\cr lieeu got 
together before for any similar area of the ocean. 

The aim of those responsibh' for the scheme of work was to ohtain as 
complete a survey as possible of the physical ami biological conditions of the 
seas in question. Tliey wanted to know tlu> direction of ocean currents, 
both superficial and along the bottom; the variations in the degrt^e of 
salinity of the water in time and in spaee ; the nature of Die seadtottom, 
and whether this could be corrthited with ilu‘ fauua, sessile or moving, 
found upon it, and whether this fauna react<‘d on the prevalence or absence 
of food-fishes; the mfiueiice of depth, salinity, and tempcrjifure on the 
fauna; the seasonal variations and fluetuations of the small floating 
organisms often called the plankton ; the life-history of our food-itshos, 
where and when they deposited their ova; what; beetune of the ova; the 
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distribution of the larval stages ; the age at which the fish become mature, 
and their average length of life. • ’ 

Then, again, it was hoped that much could be learned about the influence 
of man’s activity on the sea. The relative depletion of the fish population 
caused by different inodes of fishing ; the intensity of trawling ; how often 
does the trawl pass over the same ground in a given time? The question 
whether or no the seas are being over-fished, and, if so, what me8,sures can 
be taken to lessen this evil, either by close time, limiting the size of fish 
captured, or by artificial fish-breeding. Many of these last-named problems 
concern the legislator as much as the man of science. The function of the 
latter is to provide facts upon which the administrator may act. 

Such a vast task as was set out by the International Council in 1902 
has necessitated an immense organisation. Some eight or ten steamers are 
employed making periodic voyages, under the direction of trained men of 
science. Enormous numbers of temperature-readings, investigations into 
the speed and direction of currents, and chemical analyses of sea-water have 
been recorded, and thousands of samples of the bottom, of the animals and 
plants living thereon, of fish in all stages, millions of fish ova, have been 
collected and accurately determined. To work up such an amount of 
material has occupied the attention of a large number of naturalists. Each 
country has at least one large laboratory devoted to this work, and their 
results are co-ordinated and generalised by the central bureau. The 
English part of the work was entrusted by the Lords of the Treasury to the 
Marine Biological Association, and has been carried out under the direction 
of Dr. E. J. Allen and Professor Walter Garstang at our laboratories at 
Plymouth and Lowestoft. 

Although all the ten countries are working upon what is, broadly 
speaking, a common plan, each has had its own special problems. In 
addition to carrying out the broad outlines of an international scheme, they 
have specialised along lines indicated by their own needs, and have attacked 
problems whose solution affected their own special food supply. Thus 
Norway, where the old open fishing-boat is being replaced by the modern, 
decked trawler, has especially studied the cod and the saithe, the haddock 
and the herring, and has devoted much time and labour to the discovery of 
new fishing grounds, and has successfully done this along the Norse coast, 
in the Arctic circle, and on the banks between the Faroe Islands and 
Iceland. They have further established a trade in Fandalus borealis, 
allied to the prawns, which are taken in the deep waters off Norway, and 
are now to be bought in most fishmongers’ shops in Great Britain. 

In a similar way the Danes have tracked the eels as they leave the 
estuaries of the great rivers of Central Europe across the North Sea to the 
deep Atlantic off tiie West of Ireland, just beyond the 1000 fathom line. 
In these depths tliey spawn and the resulting larval form, the Lepto- 
c(‘j)lial'us, Itmg thought to be a separate genus, lives there for a while, until, 
gradually <*liangiiig into an elver, it retraces by some mysterious instinct 
its parents’ path across tlie ocean and regains the fresh-water rivers which 
those parents had hd't. 

The English, share of the inv(‘stigation is limited to that part of the 
North Sea which lies south of the latitude of Berwick, and for the most 
part to the. western half of these seas and to the English Channel ; the 
latter, as we shall seiN is a very important area. The work, so far as it has 
been specialisisl, dt'als, in the North Sea, largely with the plaice, with the 
food of fislics guiiK'i’ally, and with the character of the deposits forming 
th(^ sea-floor, with the creatures growing thereon. In the Channel the 
English worker is entirely responsible for the study of the hydrography of 
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the water, which, entering the North Sea through the Straits of Dover, 
contributes greatly to its mass. 

As a result of Professor Canstang’s investigations, an iiuiiurtant 
spawning ground of the plaice has been located in the southern bight of the 
North Sea ; the migration of both sexes has been traced h) these grounds 
on the advent of the spawning season, and their return to their feeding 
grounds in the spring has been followed. During the spawning se;ison it 
is usual to catch more males than females on the spawning grounds, possibly 
because at this time the female is inert an<l elusivi', whiist the male is 
unusually active. 

The course of the ova has been traced, eliuhly by tlie Dutch investigators, 
as they drift towards the shallow fringe of (toa,sta,l water, by f;ir tin* gi'ixiier 
number along the continental coast. Ilm'e ilu' young fry giawv up, and 
after attaining a certain size they leave the shallow eo;mlal watei's for llie 
deeper seas off shore. Comparatively few of tlu'se, ho\vi‘\er, reaeli tlu; 
feeding ground of the Dogger Bank, and Carstang lias beiui aide t») show 
that by carrying the young plaice in .sieanu'rs and transplanting tiuun at. 
the proper time on to this rich feeding ground, their rati^ of growth can 
be greatly accelerated and thus their market value largely inereased, just, 
as Dr. Petersen has done in the (^ase of plains (Ui '.rhisted Brt'dning. 

A few years ago there was no reliable iiudhod of debumiining the age of 
fish. Petersen’s method of arranging tiie nu*asnr('nienis of a largt' nuniher 
of specimens in a scale according to size, when they n‘solved t hmusolves intit 
certain groups, which were consickwed to eoineidt^ with age class. -s, has Iteen 
superseded by the discovery of Ibubiseli, Meineke. and «»tliors, that many 
of the bones, the scales, and the otnlitlis of (islies slutw annual age rings, 
like those found in the trunk of a tree or in tlu- luirns «if ••at lie. By 
laboriously counting the rings on the otolilhs nf thousands of plaice, 
Dr. Wallace and others have been able to ih'b'rmine ilielr rate of gnavlh. 
and to show that some specimens attain the a.g<‘ of twentyd'ne and even 
twenty nine years. Similar investigations have shown that' ilu* m xcn hn\e 
a different rate of growth. The age at maturity is found to differ in 
different regions, but in the majority of casi's \Valla»’t‘ found that tlu* males 
are sexually mature (four to five years) a yi*ar before ilu* femah* is capable 
of spawning (five to six years). We can now corn'lnti* age with size and 
with weight. 

The migrations of the plaice and of other fish atid lluu'r rate of gntwlh 
depend, amongst many other factors, upon their food supply. And the 
nature of the food of fishes has nweiitly bt‘on rt* invesi igatod in the North 
Sea. I give some of Todd’s ix'sults, which were madt* hy thi* cxaudnalion 
of some thousands of fish of thirty-oiu' spetms. ( H' those 1 solc<’{ tlinn* 
the cod, the plaice, and ilu^ dab. 

Percentages of stomachs containing various kinds oj /ofa/. 
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These tables show what, of course, was more or less known before, that 
as a rule the young fry live very largely, and in many cases solely, on 
Crustacea. To a great extent the supply of suitable food dominates the 
movement of the young fry, for nowhere is the truth of the Frenchman’s 
definition of life, ‘ I eat, thou eatest, he eats,’ with its terrible” correlative, 

' I am eaten, thou art eaten, he is eaten,’ more true than in the sea. Later 
in life the fishes’ taste alters, and with increased size they can tackle 
animals whose calcareous deposits would seem to render them highly 
indigestible. 

Very careful investigations have been made and are being made by 
Mr. Borley and Mr. Todd as to the distribution of the fauna of the middle 
and southern parts of the North Sea, and its relation to the depth of water, 
the varying degree of salinity, and to the texture of the bottom deposits. 
These results, however, have not been published, but I may go as far as to 
say that the inquiry shows that within the area investigated the texture 
of the sea floor has, on the whole, more influence on the distribution of the 
invertebrates of the bottom fauna than has depth, and that depth in the 
area in question seems to have more influence than salinity. 

With regard to the character of the bottom deposits, it has been found 
by Mr. Borley that off shore and on the gently shelving continental coast 
the sea bottom is of a uniform character over wide areas, though on the 
\vcstern side it is more patcfly ; and it has proved possible to divide the 
samples taken into some nineteen main types, each characteristic of one or 
more of the areas into which the region has been split up. Only one or 
two details of this laborious work can be mentioned. One is that the 
texture or degree of coarseness of the ground in various parts of the sea 
is such as to suggest that the distribution of the finer grades of material, 
the finer sands and silts, is greatly influenced by the joint action of 
currents and tid(‘S. It is, for instance, known that in the southern part of 
file Norfh S('a th(' main (lirection of the bottom enrrent is to the north and 
tlum to east; and examination of the deposits shows a regular diniinu- 
f idii in flu' preporfaon of the coarser sands, a regular increase in the pro- 
portiiin of fiiKU' material, as we proceed from the Straits of Dover in a 
n(irth-<'asf;m'ly direidion. A remarkalilc fact in this connexion is the com- 
pli'ftf absenet* of silt from the sandy bottom west of the mouths of the great 
riv(«rK Uliitie and i\laas. Tlnun can b<‘ no doubt that the presence of broad 
and shallow stnlelu^H of sand on the continental, but not on the English, 
side of fli(‘ North Sea is one of the factors which has determined the dis- 
tritnifion of the small plaice, which on the continental shores are so 
exiraordiiiarily abundant, and on the English shores are relatively so 
.scarce. 

By m(\'ins of bofdlcs weighted with shot, so as to have about the same 
siKHufu' gravity as the surrounding sea water, Mr. G. P. Bidder has been 
alilo to trace slow currents moving over the bottom of the sea. The bottles 
are closed, and contain a jiostcard in many languages, offering a reward to 
whosoever returns the postcairl, recording the latitxide and longitude of the 
|)lace it w'as trawled at, to our laboratory at Lowestoft. Attached to the 
TK'ck of the bottle is a copper wire feet long. This wire trails along the 
!)ottom, fihe bottle itself floating about V4 feet above the level of the ground. 
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Slowly as the bottles axe swept along, yet the distance they cover is sufficient 
to sharpen the free end of the wire to a needle point. 

By these and by other methods it has been possible to trace the almost 
imperceptible but steady flow of waters along the bed of the sea. Without 
doubt these currents influence the distribution of the larval and young 
forms of all the creatures which live near the botloni, and esjiocially 
influence the migration of food-fishes in tlieir younger and less active stages, 
when they are swept helplessly along. 

But these bottles have a double lesson to teach us: not only do they 
enable us to chart the slow streaming of the bottom water, but they give us 
to some extent a measure of the intensity of trawling in the North Sea. 
They have been refished in really surprising numbers. (Jomuuuvial trawlers 
have retaken them at the rate of 58 per cent, per annum. In one area 
these bottles cast upon the waters were retaken, not after many days, but 
after very few. Out of 390, eighty-fivo were recoveri'd in six wedcs, and 
fifty out of 270 were trawled in five weeks, repres(‘nting a local ititeiisiiy 
of fishing which if continued would give us lK-*twoen 80 piM- e(mt. and OO per 
cent, of recaptures in a year. 

Marked fish which have been liberated and recap! inxsl fell the sami! 
story of intensity of fishing. 

The intensity of fishing as indicated by the percentage of recaptures 
within twelve months of liberation is shown by the following tn,l)h^ ‘ ; 

ri'vccntiigc 


Offshore D’ish under 'in cm. Over UrMun. 

Dutch coast 2:>‘7 20 ’U 

Deep water, Southern Bight . . . lH-() LN'ci! 

Leman G-rouncl (liberated April and May) IS 7 I7’i 

Leman Gfround (liberated Doccinher) . -- 21'0 

Horn Eeof outer ground .... IblOJ 2:t’() 


Obviously, since some iish are known to havt' Ikhti ca-pfunsl hut not 
returned to the laboratory, the method gives a minimum esfimaie. 

By applying the same method to the marking e\p(‘rimi‘nis of otluu* 
countries as well as our own, Garstang" gave tlu‘ percmdagi' recovered 
within twelve months of liberation, of (isli over 25 cm. in length ;is from 
4 per cent, on the Fisher Bank to 56 per e(‘nt. in the Skagor Kak. 

When we reflect on the chances of tlu^se marked fish dying or being eaftm 
or losing their labels, it is surely a most r(,‘markabh‘ fa,<‘i,, full tif significance 
to the practical man, that in the North Sea mark<^d fish of mai’ketable 
are recaptured at the rat<‘ of hd.wtrn 20 and 30 per cmd. oach year, and 
sometimes at a greahT rahu ft would st^mi thaf each s(piaro yard of !ho 
fishing grounds is sw(^pt by the l.rawl md. onc<‘, but again and' again each 
year. 

Mr. Borley has conducted a large wM'ies of expi'rinumls to dolermim* 
the vitality of fish after they luua^ i)(‘en capt-urt'd by l)(dh 11 h‘ hea?n and 
the otter-trawl It was necessary to d<fiermiiu' the dogive of injury eausisl 
by the actual trawling, the raising of ihv trawl, and H h* suitsotpnmi ovpo 
sure on deck. The larger fish of lioth staves wm-t* capabh' of O'sisliug fho 
damage to a greater extent than thos<( of smaller si/.o, and the relative 
resistance of the two sexes varied at difhu'ent sizi^s, the juale showing a 
decline in the increase of its vigour as it approae1u‘s maturity. One factor 
which is very deleterious to the fish is th<' pnsmuv (d jelly lisli in the 'trawl ; 

^ Garstang, Sea Fisheries Imrstltjathm (hmmUtee Soathern Area, Ilcport 
No. 1, 

^ Provisional Report on the Natural Nktmj of the Plaie (Oammitr.fH‘ 10, 
Proces veromBD, vol. ui. 
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these either smother the fish or possibly sting them to death ; at any rate, 
the mortality of the fish is enormously increased when medusae are present 
in any numbers. The otter-trawl is also far more harmful than the beam- 
trawl, and exposure on deck to a hot sun is another constant source of 
death, one hour’s such exposure in one series of experiments killing 99 per 
cent, of the smaller fish. In the ordinary commercial operation of trawling, 
whilst the fish are being sorted those that have no market value lie about 
on the deck of the vessel for at least an average period of one hour ; hence 
it is extremely probable that when shovelled overboard practically all are 
dead or dying. 

The work which has been done by our own special steamer has been 
supplemented by records carefully kept by certain selected captains of 
commercial trawlers, which sail from Grimsby or from Lowestoft. In this 
way the details of some 20,000 hauls have been examined, and their results 
tabulated by Miss Lee. 

I have left myself no time to describe the imjportant hydrographical 
investigations carried on by Mr. Mathews into salinity, temperature, etc., 
which sliow ns the conflicting currents at the mouth of the English Channel 
and bow the North Sea in its southern part is supplied with water from 
the Atlantic through the Channel. The curious ebb and flow of the Gulf 
Stream, its periodic welling up and subsidence, closely connected as they 
setun to be with the migrations of the herring, cod, and haddock shoals, is 
another most important matter of investigation. 

Neither can I tell you in detail of the immense amount of work which 
is being done by the other countries which share in the international scheme, 
by the Scottish Fishery Board, the pioneer in Great Britain of this sort of 
research. To the west our Channel work is beginning to get into touch 
with the more recently e.stablished Irish Fishery Board, and with the work 
carried on under the direction of Professor Herdman in the Irish seas. 

Tile outcome of all this minute and continuous investigation will, in 
time, tell us wliether or no the North Sea fisheries are being exploited in 
the most pi'ofitablc way — a very important question for our country, for 
with a fisluug fleet of 27,000 vessels, manned by 90,000 fishermen, who land 
900,000 tons of iish a year, valued at 10,006,000?., Great Britain takes 
90 per cent, of what is caught in the North Sea. Some statistics indicate 
that there is a falling-off. The steam trawlers in 1905 landed 25,000 tons of 
fish less than in 1904, and in 1904 there was a similar shortage on the total 
of 1903. And ytfl 1903 was a year in which some crisis took place; the 
growth of the liaddocks and the number of young haddocks were fax less 
Gian nornuil, Ihe Norwegian cod fisheries sank to a minimum, the French 
statistics showed the same feature in their fisheries off Iceland. In 1903, 
however, fhtn-e W(‘re ninisually large numbers of small plaice. The polar 
ice-field ]m^ss<‘d down south, aud seals, cetacea, and arctic birds left their 
usual cpiarf'ers, and came south in some cases as far as Shetland. The 
gigantic. climaGc. (dianges indicated by tlie above undoubtedly disturbed for 
a tinu^ tli(^ Tat(‘ of increa.se aud the rate of growth of the fish population of 
th(‘ North Si'a, but they soon returned to their normal state. Compared 
witli such mighty influences tlu? fishing activity of man seems almost 
negligil)h\ am! Di*. Hjort for one thinks that ‘the productiveness of fish’ 

‘ may be regard(‘il as 'inde|Kmdont of the interference or fisheries of man.’ 
I ain not sure that this is so. Taking large areas and all fish into con- 
sideration, it may be true ; especially it would seem to be so of some species, 
such as tlu* herring, the saitho, and the cod ; but in certain areas and with 
(‘crtaiii fish, smdi as the sole and the plaice, man’s activity has undoubtedly 
<h‘creas('d the numher. 

Although the Researches of the last few years have immensely increased 
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our knowledge of what is going on in the sea, they have, like an ever- 
widening circle, but increased the number of problems which await solution. 
It is earnestly to be hoped that the work may go on on at least its present 
basis. The business man, always on the outlook for a dividend, has some- 
times complained that some of our inquiries do not seem to him practical, 
but he must have patience and faith. A few years ago no knowledge could 
seem so useless to the practical man, no research more futile than that 
which sought to distinguish between one species of a gnat or tick and 
another ; yet to-day we know that this knowledge has rendered it possible to 
open up Africa and to cut the Panama Canal. 

And here, if I may quote the words of the author of the Maccabees : 

‘ And here will I make an end.’ 

‘And if I have done well, as is fitting the story, it is that which I 
desired ; and if slenderly and meanly, it is that whicli I could attain unto. 

. . . And as wine mingled with water is pleasant and delightcf-h the tastci : 
even so speech, finely framed, delighteth the oars of f.hcm that read th(^ 
story. ’ 

‘ And here shall be an end.’ 
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It lias been usual for Presidents of this Section to make some allusion 
in tlieir addresses to the principal matters of geographical interest which 
have occurred during the pi’eceding year, and I propose to follow this 
custom before proceeding with the rest of my address, which would hardly 
be complete without some allusion to the great geographical achievements 
of the past year. 

I doubt if there has ever been a year in which more important additions 
to geographical knowledge have been made than those resulting from the 
journeys of Dr. Sven Hedin, Dr. Stein and Lieut. Shackleton. 

Dr. Sven Hedin’ s previous explorations bad deservedly gained him 
sucli a high reputation as an explorer that it seemed almost impossible 
for him to increase it, yet his recent expedition in Tibet, extending over 
two years, has enhanced his already great reputation. 

itefused ])ennission to enter Tibet from India, he was not to be 
deterred. Travelling round to Leh and making that place his starting 
point, lie (‘utered Tibet and traversed in various directions a considerable 
traiit, previously unexplored, of that country, making a good reconnaissance 
survey of the country he passed thi'ough. 

A large part of his journey was through a bleak and inhospitable 
regi<m, when^ lu^ t‘n<*ountered intense cold and very great privations. At 
one lime wtmt for c'ighty -three days without meeting a living soul, and 
the cedd and liarilsln]>s were such that out of ninety-seven ponies and 
mules with which, lie startt‘d only six came through. Yet in the following 
year, in tlu^ depth of winter, Dr. Sven Hedin again traversed this terrible 
country. In doing so he ran imminent risk of starvation, as his last 
shet']) was kilh'd a <‘onsidt‘rable time before he got through to country 
where he could <d)tain frt^sh supplit'S. 

Dr. 8v<m Hi*diii’s tact and resource were as great as his fortitude and 
courage. H(‘ rnadt* friends wherever he went, and, although the Tibetan 
(love'rnment s<‘nt onhu’s <wer and over again that he should be turned 
back, ho succcH'ded in spending two years in exploring the country, niain- 

E 



2 


TEANSACTIOSS OF SECTION' E. 


tainina the most friendly relations with the Government officials and 
others whom he met. Besides exploring and snrveying a large tract of 
previously unexplored country, he investigated the sources of the Brahma- 
putra, the Indus, and the Sutlej, and in the oour.se of his journeys he 
Lumulated a mass of geographical and other sneiiti .c information 
Next comes Dr. Stein’s expedition to Ohinese Tiirkratan by which he 
has made a most noteworthy contribution to geographical knowledge and 

antiquarian re^sem^.^^i^^ by that capable surveyor Kai Uam Singh, who 
was later on relieved by that equally skilful and cncijctic surveyor Rai Saliil, 
Lai Sinch travelled from India via (’hitral and Kashgar. He commenced 
survey woi in the eastern part of the Miistagh-ata range, and <'arried it 
along the Kun Lun Mountains, skirting the southern snh' of the Takla 
Makan Desert and the Lob Nor Desert to Suclinu and Kaii-chou. He 
suTveyed a large area of the moTiiitaiiioiis region lying westward of Kati- 
chou, then crossing the desert from Aushi to Plain i ht‘^ rotnriuMl north of 
the Tarim Biver, skirting the southern slopes of thi^ T’ian Shan rangt*, to 
Kashgar. During this very long journey Dr. Stein eaine ac'ross the 
ancient frontier wall, built about the second e<mtury B.e. .He traet^d it 
west of Suchou, till lost iu the desert,, for some 250 miU'S, ami lu> made 
various incursions into and across the desert, making diwovtn'ii's of the 


greatest antiquarian interest. 

After his return to Kashgar he surveyed the last unexplored portion of 
the Kun Lun mountains and the country containing the smin'es of the 
Khotan or Yurungkash Biver, which provtul to lu* tlankf‘<l on the south 
by a magnificent range of snowy peaks rising to ovi'r 23,000 fiH'f ; theiu’c 
passing the sources of the Keriya Bivtn* he skirted the sotdhern sl(^pt^s of 
this snowy range and finished by conin‘cting this snrvf*y witli that to 
the north of this range. The privations and hardships undergoing hy 
Dr. Stein and his party were very great, and, just as he completed his 
last bit of survey, he was unfortunate tnnmgh to gid his foof liadly frost- 
bitten, and had to hasten to more civilised parts for medical treatmeid. 

Dr. Stein, during his expedition, displaye<l all tin* l.H*si (pialities an 
explorer— enthusiasm, determination, skill, and tact, 'fin* modest a<*<’ount 
he has so far given us of his travels, which gives a mere oulliin* of his 
work, shows that the geographical as well as tin* nrchieob»gical results of 
his expedition are of the greati^st value. 

The last completed exploration I propos(> to mention is Lieut. Shackle- 
ton’s great journey in the Antarctic Lirch*, which has rais(*d him i*» a high 
position among the gallant explorers of the Ihdar regions. 

Liieut. Shackleton pdrsonally arranged and supi*rvised all arrange- 
ments for the expedition, his experience in the British .\nt arctic t*xpe- 
dition under Oapt. Scott .standing him in good stead. 

Having landed in McMurdo Sound, ' a party consisting (»f Ideiit. 
Adams, Prof. David, and <kthers as<'endt‘d Mount* Krelms, wlile!) is <tvt‘r 
13,000 feet high, all above snow level. 

Later on Lieut. Shackleton and a sh‘dg(‘-pariy st,*t <^ff sotithward, and 
after an arduous journey succeeded in rea<‘hing 88‘ 33' south latitude, 
over six degrees nearer the P<de than any pn*vious (*xplorer. His partv 
travelled altogether almt 1,700 miles, including relays, in 126 davs, a 
splendid performance in a rough and (litrK‘ult cimnfrv* tnid<T very trying 
climatic conditions. Soon after passing 83" 33' s<mt'h latilmle they 'lost 
their last pony, and from this point they had to drag Ilu*ir sWdges 
them^lves, although their journey involved tlu* as<‘t‘nt of a plateau 10.000 
feet high. They only turned hack when their dimiiushing stock of pro- 
visions rendered it imperatively necessary to do so. T'luy were hu' a 
considerable time on short rations, and found sev«*ral tinu‘s that th(‘.v had 
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expended their food supplies before reaching their next depot. Had they 

missed one of these dep6ts — no unlikely contingency in such a country 

they must have perished by starvation. Altogether the sledge journey was 
a great feat of pluck and endurance. 

Lastly, Lieut. Shackleton’s colleague, Prof. David, with others, made a 
sledge journey_ to the north-west, reaching the South Magnetic Pole. A 
good deal of triangulation was carried out, many geological specimens were 
collected and much scientific information was obtained. 

Whether we consider Lieut. Shackleton’s skill and energy in organising 
the expedition, the courage and determination displayed in carrying it 
out, or the results obtained, his expedition will stand out as one of°the 
greatest of the many great efforts to reach the Poles, and as a British 
expedition it is one that specially appeals to us. 

At first sight it would seem that these great journeys belie the opinion 
so often expressed of late years that the days of the explorer are numbered, 
and that in future geographers will have to deal with surveys rather than 
exploration j but, in fact, these splendid achievements only strengthen 
this opinion. _ These explorers have considerably reduced the comparatively 
small area still unexplored, and other expeditions are helping to diminish 
the unexploi'ed area. 

Among those which are in progress I may mention the following:— 
Col. Kozlof’s expedition^ to Mongolia, which has already visited Kuku 
Nor and which is exploring the upper course of the Huang Ho and other 
parts of Mongolia. Lient. Boyd Alexander is exploring in West Africa. 
The Duke of the Abruzzi is investigating part of the mountainous region 
across our Indian frontier; Dr. Longstaff is exploring another part of 
that mountain system; Capt. K. E, Peary, U.S.A., and Capt. E. Mikkel- 
sen are heading expeditions in different parts of the Arctic regions, and 
M. Charcot is exploring in the Antarctic Circle. Lastly, an important 
British expeditioii will start before long to explore part of the Island of 
New Guinea, one of the largest still unexplored land areas. There are 
other expeditions, either in progress or projected, too numerous to 
mention. 

The bt^st modern explorers are not now content with exploration or 
even with a rough route traverse and an occasional observation for lati- 
tude ; tlu*y either themselves make careful reconnaissance surveys of the 
country adjoining their ixmte or they are accompanied by trained snrvejors, 
who make such surveys. 

Again, (wei’y y<‘ar the area surveyed on correct scientific principles is 
ext<mdod, T}u‘ interesting address of my predecessor. Major Hills, will 
have told Y(m what is being done in this way in the British Crown 
colonies. In tlu^ British self-governing colonies and in the colonies and 
(h‘])t‘nd(‘iK‘i(‘s of oIIkt Powers the area of regular survey is being con- 
tinually i^xt('nd(‘(l, and in more remote regions surveys are being carried 
out by Boundary fknnmissifms or for railways or other purposes. Along 
with 'th(‘ iiKTea'sing appreciation of the value of geography which has 
falam ph'UH' of lat<.‘ years, there has Ix^en an increasing recognition of the 
iu'(*d for regular .surveys, v'lnd it is probable that the next generation will 
find ihat noi only is no considerable area of the earth’s surface unex- 
plor(‘tl, but ihat ilie ar(‘a not y(‘t surveyed at least geographically, or for 
wliieh a rt'gular survey has not been projected, is getting limited. 

T propost' in tlu' rest of my address to deal with the regular survey 
anti nia])|)ing td new art'as, and to discuss various questions connected 
tluu’ewiih; if T am rigid in Ixtlieving that large areas will be regularly 
survt'yi'tl in tlu‘ nt'ar futurt*, su<‘h questions merit carehil consideration. 
I shall .stale tm ilu'st' ptunts the practice of some of the great national 
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surveys, because tbeir experience seems the best guide for future work ; 
but I reco^^nise that methods suitable for rich and populous countries, 
such as Germany, France, or Great Britain, may be too costly for many 
countries and provinces whose survey has still t<.> be made, and mention 
will be made of less expensive methods which are likely to be much in 

demand in future. i • , t 

It would be difficult to say anything new on the siibjwt I ]iropose to 
deal with, and I lay no claim to do so, still less do I wisli to dogmatise 
as to the best methods. When I express opinions I shall also static the 
practice of some of the principal surveys of the world, and my hearers 
having weighed the matter can accept my opinions or not according to 
their "judgment. In, either case my object will liave beim attained if 
careful consideration is given to the points raised. 

Maps may be roughly divided into three classes:-- 

(1) Geographical maps--7*.c. those on very small scales. 

(2) Topographical maps. The dividing line botwet>n these and geo- 

graphical maps is not very clearly defined. For the purpose of this Atidress 
maps between the scales of 4 miles to the in<’h an<l scab' will bo 

considered as topographical. 

(3) Cadastral maps-?.c. maps on large scal(‘s mainly for ])ro])erty pur- 

As the time at my disposal will not admit of my discussing all three 
classes of maps, and as I have on a previous occasion ri‘a<l a ])aper to ibis 
Association on ‘Cadastral Survey,ing,’ I propose to limit niy remarks to 
topographical suiweys and maps. 

In most of the older countries topographical surva^ys havt' iirigiiially 
been made to meet military needs, and as a rub' ilicy ar<‘ <‘arried out unihu* 
military supervision. In order that they may 1 k' useful in <*ast‘ <.)f war 
such sniweys must have been made before^ war breaks out. I’lie us«‘, liowcv<*r, 
of topographical maps is not limited to militai'y pur])ost‘s; on tlie eontrary, 
they have invariably proved of great value for civil requiremenis. In oiu‘ 
respect they are more useful for civil than for military ])\ir])ost‘S, as a state 
of war occurs rarely, and hence while the maps are only occasionally us(‘d 
in connection with war, they are constantly u.stal in conniation with civil 
administration and with pxrblic and private business <d all kinds, llu‘ topt>- 
graphical maps of the Ordnance Survey, pn*pared originally solely for mili- 
tary requirements, have proved extremely useful for civil |)urp(tst‘s. Dinally 
or indirectly all the numerous maps prepared by tlu‘ trade in G‘real. Britain 
for civil use ai’e based on them. I believe tlu‘ expi'rience of all oilier <’oun- 
tries is similarto that of the Ordnance Surv(*y. In most count ri(‘s in which 
land is of any value, a cadastral survey for land transfer purpost's is nciiled, 
as well as a topographical suiTey. In some ca.H<‘s indtM'd, tin* nec<I for a pro- 
perty survey has first made itself felt; thus in the Transvaal and in the Oapi' 
Oolouy, neither of which yet has a t()pogra])hical survi'y, then* has fur many 
years been a Government Survey Departnumt for making liroptuiy surveys. 
The question arises whether there shmild bi‘ two .separab* surveys, one *f<u* 
and one for cadastral maps, or wludhcu' there slnmld Ik* only 
one survey, the topographical maps being pnqiared by nnlucing the cadastral 
survey. Incidentally the further question arises wludher, if two s<*parate 
surveys are made, they shouKi iie under ont* lu‘ad. 

In most conn tries-~the Ordnance Survey the lTnit<*d Kingdom being 
an exception—not only are entirely siqmratt* survi*ys madi* for tlicse two 
classes of maps, but these surveys are generally under diffmamt departments. 
In some cases the cadastral surveys are isolated farm surveys, showing litth* 
detail except property boundaries. 8u<'h surveys would*, of <*oursi*, md. 
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answer as a basis for topographical maps. In other cases, however, the 
cadastral surveys show all necessary detail except ground forms, which can 
be added by a separate survey. The only cadastral survey, so far as I know, 
which shows ground forms is the Ordnance Survey, whose 6-inch maps are 
contoured. 

A difficulty in the way of utilising the cadastral survey for the 
smaller scale maps arises from the fact that a cadastral survey is, from its 
large size, much slower than a topographical survey. It is often found 
advisable to take up the survey of the former somewhat irregularly, while 
it is important for the proper progress of the latter that it should be taken 
up regularly and methodically. The Ordnance Survey 1-inch map has, since 
1824, not had a separate survey of its own, but has been based on the 
cadastral survey. Ordnance Survey experience has shown that the delays 
in completing the topographical map, due to this course, have been much 
greater than one would have expected, and that there are grave dis- 
advantages in having the scale of survey very much larger than that of 
the finished map. These objections do not apply, or can be overcome, if 
the cadastral survey of any locality is completed before the topographical 
map is taken up. This is a condition not likely to be often fulfilled in 
the case of future topographical surveys. I advocate therefore that, follow- 
ing the general practice, there should be entirely separate topographical and 
cadastral surveys. I should advocate this even where it is essential to 
keep the expense as low as possible. More economy would probably result 
from the adoption of a fairly small scale for the topographical map, from 
curtailing the small detail to be shown on it, and from showing on the 
cadastral maps only such detail as is needed for property purposes, than 
would result from making one survey do for both classes of maps. 

On the other hand I consider that, even when separate surveys are made 
for the two classes of maps, it is advantageous that both should be made 
under the same head. The more usual course is, however, to have the two 
surveys independent, and in some cases local circumstances may make the 
course I advocate inadvisable. 


Triangulation. 

The first preliminary to any survey should be a triangulation. It is the 
most satisfactory course, and the best economy in the long run, to carry 
out with the greatest accuracy possible the primary triangulation on which 
the survey is to be based. Such a triangulation will remain good for a 
very long peri(xl. For example, the primary triangulation of the Ordnance 
Survey was commenced in 1791; while some doubts have been expressed 
whether it is accurate enough to combine with other niore recent work for 
the purpose of investigating the figime of the earth, no one has questioned 
that even tlie earliest part of this triangulation is amply accurate enough 
for map-making purposes. 

Oil the other hand I do not advocate carrying out a primary triaiigula- 
tioii until arrangements have been made for basing a survey on it. In 
South Africa an excellent and very accurate primary triangulation has been 
carried out. This triangulation was undertaken largely no doubt for scientific 
pui'poses. Wbile answering its purpose in that respect it has so far had 
no surveys of any great extent based on it. An accurate triangulation is 
now a much quicker and less expensive operation than it used to be. The 
introduction of Invar tapes and wires has largely expedited and simplified 
tlu^ ai^curate measurement of base lines, wliile the improvements effected in 
theiMlolites enable equal or greater accuracy to be obtained with the com- 
paratively small and handy instruments now made than could he got for- 
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merly with large and cumbrous instruments, such as the 36-iuch theodolites, 
with which most of the primary triaiigulation of Great Bntaiii and Ireland 
was carried out. Unless obseiwations are rendered cliilicult by numerous 
buildiiK'S, by trees or by a hazy or .smoky atmosphere, a good primary 
trianTOlation should not now be very expensive. It is usual to base on 
the primary triaiigulation a minor triangulation of seven al orders^ the object 
bein^ to have an accurate framework of trigonomet rival points on which 
to base the survey. If it is important to keep the expenst' low, the trigono- 
metrical points may be rather far apart, intermediate points being fixed by 
plane table; but it should be remembered that it is the truest economy to 
make the best triangulation which fumls admit of. In forests or in wooded 
and rather flat country, where triangulation would bt‘ very mxpf'nsive, lines 
of traverse made with every possible accuracy, and starting atul^ closing on 
trigonometrical points, may be used instead of minor triangulation. 

Detail Survaj. 

Provided the detail survey is based on triangulation, it may be made 
by any recognised method. Plan tabling is now almost universally resorted 
to, and is probably as cheap and convenient as any other ineth(,nl. 'Hie 
vertical heights of the trigonometrical points will have beem fixed by vertical 
angles with reference to some datum. The height of intermediate pi nuts can 
be fixed by clinometer lines, especially down spurs and valleys, and even by 
aneroid, and from these heights the (.‘ontoiir lines can be skidcIuHl in. 
Altitudes can be more accurately fixed by spirit-kwi'lling, but thi.s is aji 
expensive method not likely to be niucli used in the cast' of topographi<‘a,l 
surveys. It is possible that in exceptional cases j)hotogra])liic surveying 
may be resorted to with advantage, and undoubtedly jibotographii.’ methods 
sometimes enable work to be done which wouhl not otlu'rwise be fi'asible. 
The photographic method suggested by (’aptaiii .F. V, Thom]ison, U...K., is 
an advance on previous methods. In Canada, I understand thnf a giMxl 
deal of photographic surveying has bi'en doin', <and prt'sumably tin* condi- 
tions in Canada have been found suitable for tliis method. It has betm 
little used elsewhere. 

Scale of Mu2)> 

The next point for consideration is the scale on which the map is to be 
published, and it is an important one. Speaking geiK'rally, the cost inerc'ases 
with the scale, and cost is therefore one of the main determining considera- 
tions. The physical and artificial character of the country, the amount of 
detail it may be decided to show on the map, the method adopted for rejirc- 
senting hills and other detail, and the method of rt'productiou to bi* used, 
all affect the question. 

Clearness and legibility are among the first essentials of a goixl map, 
and it is desirable that the scale should be sinh that all ihdail it may 
be decided -to show on the map can be instuded without overi'rowding, or 
conversely, if the scale is fixed, the amount of detail and method <d' showing 
it should be such as to avoid the common fault; <d ovt'rcrowding flu* map. 

In populous countries, such as Belgium, France, and th'rmany, wlu're 
buildings, roads, railways, &c., are numerous, a largm* scale is,' ra frna 
paribus, desirable, than in less populous countries. 

All important detail such as roads, railways, canals, forests, wimmIs, Ac., 
should appear on the map, as .should the more important iiamt's, but it 
IS a matter for consideration how far minor detail such as oridiards, marshes, 
rough pasture, state of cultivation, Ac., should be inserted on the map, 
and to what extent the less important names should be omiltc'd. 
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In hilly country hachures and contours, especially if in Hack, tend to 
obscure the detail and names, and the smaller the scale the greater this 
tendency. 

Methods of reproduction will be dealt with later, but I may here say 
that more detail and names can be shown clearly on a given scale if the map 
is engraved on copper than if reproduced in any other way. The scales 
adopted by different countries vary very much — I give below the scales 
adopted by some of the principal surveys. 

scale — Switzerland (the more populous parts), Prussia, Baden, 
Saxony, Bavaria, and Wiirtemberg (these German maps, although called 
maps of position, are practically topographical), 
scale — Belgium and Denmark. 

scale — France (the new topographical map), Algeria, Tunis, 
Holland, Japan, Spain, Switzerland (the less populous parts). 

scale— the United States (the more populous parts), 
scale (1 inch to a mile) — Great Britain and Ireland, and 

Canada. 

TFoFF scale— the Austrian Empire. 

FF'o'inf scale— the old staff map of France. 

tftiVftj scale — the German Empire, Italy, Norway, Portugal, Sweden, 
and Switzerland (Dufour atlas). 

scale— the United States (the less populous parts), 
scale — Russia. 

United States (barren districts). 

The introduction of cycles, motors, and other rapid means of locomo- 
tion has led to a demand for a scale which will show a considerable tract 
of country on a sheet of moderate size. If the standard map is already on 
rather a large scale, this demand is best met by publishing a reduction of 
the standard map. This course is followed by Great Britain and Ireland 
and by Canada, whose 1-inch map is reduced to and published on the 
i^-inch scale; but if only one scale is used a compromise must be arrived at 
which will meet the I'easonable requirements of rapid locomotion, as well 
as the other essentials of a topographical map. 

If I may venture an opinion in a matter in which practice varies so 
much, it is that for countries using British measures in which, owing to 
dense population, the detail is close the 1-inch scale is a very good 

one, and that for more open parts the -^-inch scale may with advantage be 
adopted. For countries using metrical measures I should advocate 
and xFFFTnr respectively. These scales do not differ largely from those 
adopted by most of the principal countries, the majority of whom use scales 
between and xo-yyVFF fairly close countries. 

Where it is important to keep the cost down I should advocate a half- 
inch to the mile or a xsiiV^ij s<-*ale. All except the most closely populated 
country can be shown clearly on such scales provided the maps do not show 
too many names or tw much small detail. 

The United States have scales of gjj-s-o-g-j xffVffi 
general closeness of detail in any area determining which of these three 
scales is adopted. This an-angement is a good one, and would be still 
better if the areas published on the reduced to and 

published on the xsfVff scale, and if the whole country were published on 
the wuilc. Tile principle here advocated of having each scale as far 

as possible comjilete for the whole country has been carried out by Great 
Britain, where the whole country, except some uncultivated areas, is pub- 
lished on the 25-inch scale, and the whole country on the 6-inch, 

the 1-inch, the ^-inch, the i-inch, and other smaller scales. 
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Beale of Field Burvcij. 

It is usual to make the field survey for small sealo maps on a larger 
scale than that on which the map is to bt‘ published with a view to seeuriiig 
oreafcer accuracy of detail; but this should not be o\ei(loiie. If the held 
survey is on too large a scale it entails needless expense-, also when the 
surveyor is working on too large a seaU‘ he is a])t not to n'alise the effect 
of reduction on hrn survey, and is likely to survey so mu<‘h dt-tail as to 
overcrowd the map, thus increasing the eost of the work ami injuring the 
map. 

When the map is reproduced by |)hot«>graphic im-thods tin* fair drawing 
is usually on a larger scale than the tiuislual map, so as to g(‘t hner results on 
reduction ; but in this case also, for somewhat similar ivasons to those- statx-d 
above, there are limits to the amount of rediudion which can be made 
with advantage. 

In these respects the practice of different countries varie-s considc-rably. 

In Austria the field survey is on the ^ n-duced to and 

drawn on the bitAitit scale, and this drawing is n-produced by heliogravure 
on the Tsinm scale. 

In France the field survey is on the nrotMr o^' s<‘ah'. The 

survey is reduced to and drawn on the ;|v,Airti J^<’-ile. In Algi-ria and 'Funis, 
both field survey and drawing are on the i s(\'ih-. In all cases the 
French maps are now reproduced by heliogravure on the r.tOHiu scale from 
the scale drawings. 

In Germany the field survey is on the scale. 'Fhis is rediux-d 

to the which scale the maps an- (-ngraved on e()])per. 

In Great Britain the 1-inch maj) is basisl on tie- 25-ineh and fi-inch 
survey. These were reduced, and a fair drawing was niadi- on flu- 2-ineh 
scale ill a manner suitable for xrduction to tlu- 1-ineh s<‘al(-“- /.e., ilu- dt-tail 
lettering, &c., were drawn so that wlu-n reduet-d to the I-iut-h sealt- tlu-y 
should be in proper proportion. This drawing was reduet-tl ami priult-d by 
helipzincography on the 1-inch scale, and from these prints was t-ugravetl 
on copper. 

In America the field surveys are on tlu- scales *iiid ( hih 

for the artA rtTi maps ri-speet ivt-ly. Th(^ 

drawings, on the same scale as the field .survey, are retlm-ed by pht>f<»graphy 
and engraved on copper. 

I consider that the best results art- olhaiiu-d wlu-n the field survey is 
made on double the scale of the finished map; that if rt-piuKlm-iion i.s to be 
by engraving, the fair drawing should be <m the same st-ale as tlu- finished 
map; that if, on the other hand, vt-prodnefion is to In- by photogrn]>hie 
methods, the fair drawing should bt^ tui the sanu- scale as the survey, 
i.e. double that of the linished map. The rt-tluefion I advocate shouid 
conduce to accuracy of detail and, if rt-produced photograpbieail.v, to jiiu-* 
ness of detail, while it is not so great that the surveyin' and <iraughtsman 
should be unable to realise the effect of la-duction. 

DciaiL 

The need of considering the anuniiit dt-tail, Ac., to b<^ sluwu is sud 
always sufficiently realised. The way in which dt-tail is to In- n-prt-st-nit-d 
also needs consideration, as on small scale maps mut-h th-fail has to Ins 
represented conventionally. 

Railways have to be shown conventionally, and .should In- .so marked 
that they catch the eye without being too heavy. 

Roads also should be clearly marked. Where different ohisKos <ff roads 
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exist they should be distinctively shown, main roads being more prominent 
than others. It is important to know what roads are fit for fast wheeled 
traffic in all weathers, and which are fit only for slow traffic. The exact 
classification of roads must depend on the conditions obtaining in the 
country. The most elaborate classification is that shown on the French 
maps, and next that shown on the maps of Great Britain. Provided that 
important distinctions are represented, the simpler the classification the 
better. 

Forests, woods, marshes, and in some cases pasture, rough pasture, 
orchards, vineyards, gardens, &c., are shown by conventional signs. While 
forests, woods, and marshes should certainly be distinguished on the maps, 
I incline to the opinion that the state of cultivation is better omitted, and 
that the less small detail shown the better. Such small detail increases 
the cost and often overcrowds the map. The German scale shows 

much small detail, and although the maps are beautifully and delicately 
engraved on copper, the detail is rather crowded on some sheets. The 
French Carte Vicinale is, in my opinion, rather crowded with names. 

The most difficult question, and that on which opinions differ most, is 
the method of representing ground forms. Methods which answer well on 
steep ground are less satisfactory on gentle slopes, and vice versa, and each 
method is open to some objection. 

Ground forms may be indicated by contours, hill shading in stipple, 
vertical hachures, horizontal hachures, the layer system, or by a combination 
of some of these. 

Ground forms are represented by contours on the -scale maps of 

the German States, the Swiss Siegfried Atlas, the maps of the United 
States, the 1-inch map of Canada, the j^^^o-scale map of Denmark, and 
the maps of Japan. Where the slopes are steep the contours give almost 
the effect of hill-shading. Some of these maps give a very good representa- 
tion of the ground, the best being those in which the contours are in colour. 

Hill features are shown by stipple shading on the French Carte Vicinale 
and the Ordnance Survey four-mile map. In mountainous country stipple 
shading gives a good pictorial representation of the ground, but it fails 
in flatter country, and it is often difficult to tell from it which way slopes 
run. 

The Swiss Dufour Atlas (xWud^t scale) is a good example of vertical 
hachuring, as are some of the German scale maps. Vertical hachures 

arc also used on the Austrian and Swedish maps, and in conjunction with 
contours on the maps of several other countries. 

Vertical hachures when well executed give an artistic and graphic repre- 
Ecntation of the hills. In the Swiss and British maps the pictorial effect 
is enhanced by assuming a light from the left-hand top corner. In steep 
ground, especially when the hachures are in black, these are apt to obscure 
(ietail and names. I think hachures are better when printed in colour, 
but many will disagree with me on this point. 

Horizontal hachuring, while having some advantages, is less effective 
and is little used. 

The system generally known as the layer system has been used in Great 
Britain by the well-known Scotch firm of J. Bartholomew & Co., has 
recently been adopted by the Ordnance Survey for its -^-inch maps, and is 
used in the ^-inch maps of Canada. It consists in indicating by various 
shades of colour the area lying between certain contours ; thus one shade 
may bo given to all ground below the 50-foot contour, another shade to 
ground between tho 50 and 100 foot contour, and so on. This system gives 
a general indication of ground form and enables the contour lines to be 
followed more easily. Its shades of colour enable the eye to pick out more 
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easily all land lying at about the same level. It is most effective in ground 
with a small range of vertical height, as the vertical depth of layers can 
then be small and the distinction in colour between successive layers marked. 
In hilly ground the depth of the layer must be increased, which means that 
many ground features are ignored on the map, or the number of layers on 
the map must be large, in which case the ilistiiiction in shade between 
successive layers will be less marked. This method is popular in Great 
Britain, and enables those who are not ¥01*80(1 in reading cMuitours and 
hachures to realise something of the nature of the ground forms. 

A combination of these methods has been used as follows: — 

France on her ^-^^^^-scale maps shows ground forms by contour lines 
and stipple shading. This gives a very fair representation of the ground, 
but where the contours are very cdose together tin* effect of the coloured 
contours on the stipple is not pleasant. Nor doi's the .stipple always look 
well when it falls on colour. 

The German coloured TTr-ft^DD'Scale map, tlu‘ Italian rivoVovr., and the 
British 1-incli show both contours and vertical hachures. 

The Norwegian ^^^\^^-scale map shows the features by ctmtours, vertical 
hachures and shading. 

The new British -^-inch scale map has both cim tours, layers and stipple 
shading. 

Opinions differ so inncli on this .subject, and there is st,) much to be said 
for and against each method, that I will coniine mys(‘lf t<.i ilu' opinion that 
contours reasonably close together should form the principal ft‘atun' of any 
method of representing ground forms; that contours by tlumLst‘lves give a 
very fair representation of the ground; that vcu’tical hachun's, if printed 
so as not to obscure the detail and names, or stip]>k^ shading when there is 
not too much colour on the maps, iiKui^ase tlie pi<!forial <‘ffeet and are useful 
additions to contours; that ground forms should preferably lx* in colour, and 
that where hachures or stipple are used as well as contours both should be 
in the same colour. 

The German c<.>loured (brown luichurt's and <*ontour.s), 

the British i-inch scale copper-nlatc* printed map (hnwn hachurt'S and 
black contours), the British 1-incm coloured map (l)rowii hachures and n‘d 
contours), and the French 'Scale (grey sti])pl(‘ and brown conb>urs), 

all give a good representation of tin* gixmud, and there inv other maps which 
might be named almost, if not quite, as g<«)d. 

Vertical Infcrwl of (Jontoun, 

The vertical interval between coiit(mrs should (h'p(*ud partly on the 
scale, partly on the steepness of the ground. Tract ict* varies txmsiderably 
in this matter. 

The 2 -^-^fy^--a"alu maps of Switzerland and of Germany, except Prussia, 
are contoured at 10-metre intervals. 

The g^-J^g-scale maps of France are cemtoured jit 10-metre intervals. 

T’he g^^g-^-scale maps of Japan and Spain are contouri'd at 20-iiietre 
intervals. 

On the Swiss scale contours are 30 metres apart. 

On the United States scale the contour inti‘rval vari(*s fr(mi 20 to 
100 feet. 

On the British 1-inch map. there are wmtours at 50 f(*et, at t*very 100 fi*et 
up to 1000 feet, and thence at 250 feet intervals. 

OK Canadian 1-inch and i-inch maps the contour interval is (tidy 

published have been in ground with only nuKlerato 

On the German the contour interval is 50 metres. 
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I consider that if the contours are printed in colour the vertical interval 
may with advantage be such that on steep ground the contours are reason- 
ably close together, every fourth or fifth contour being printed heavier so 
as to be more easily followed. If the contours are in black they cannot with 
advantage be so close. 

It is, in my opinion, best if the contour interval is uniform all over a 
country. Failing this, it seems desirable that it should be uniform over 
considerable areas and at least throughout a sheet; but this view is not 
universally held. I do not like the varying interval adopted by the 
Ordnance Survey. The conknirs on the Ordnance Survey maps are sur- 
veyed with great accuracy and at great expense. For topographical maps 
much cheaper and more rapid methods will suffice. 


Cartography. 

I have, with a view to clearness, kept the question of the method of repro- 
duction separate, but it has a bearing on some of the points already con- 
sidered. Thus the fine engraving of the German ny^-^^-scale map enables 
an amount of small detail and ornament to be shown on that map which 
could not have been clearly sho\vn if any other method of reproduction had 
been used. 

The older maps were generally engraved on copper, or sometimes on 
stone, and printed in black and white. Subsequently photographic methods, 
such as the photogravure of the Austrian and the more recent -scale 
French maps, were used, and colour printing is now largely resorted to. 

In some cases the colour-plates are prepared by engraving on copper, 
stone, or zinc. The maps of the United States and Switzerland are 
engraved on copper. In other cases, for instance, the 1-inch Ordnance 
Survey, colour-plates are prepared on stone by transfers and offsets from 
the engraved copper plate. In other cases — e.g. the ^i^-p of 

France — the colour-plates are prepared by photographic methods. 

For clearness, delicacy of outline, and artistic effect nothing equals 
engraving on copper. It forms also the best basis for colour-printing. 
Unfortunately it is very slow and costly. 

Engraving on stone is quicker and less expensive than copper engraving. 
It is inferior in delicacy to the latter, but some of the best stone engraving 
is very good. 

Photographic methods are the most rapid and the cheapest, and with 
care give very fair results. As good examples I may quote the y^^^^-scale 
maps of Austria, prepared by heliogravure, and the 6-inch maps of the 
Ordnance Survey, prepared 6y heliozinoography, both black and white maps. 

Of colour-printed maps I may instance the new ^^^^^-scale map of 
France prepared by heliogravure, and the ^-inch Ordnance Survey map 
hitherto prepared by photo-etching, although I understand that in future 
the outline will be engraved on copper. 

When rapid reproduction and moderate cost are desired I do not 
hesitate to recommend phott^raphic methods which, although not so good 
as engraving, give, when carefully executed, reasonably good results. 

Opinions differ as to the extent to which colour should be used, the 
modern tendency being to use it very freely. I can hardly be accused of 
prejudice against colour, as during ray tenure of office at the Ordnance 
Survey colour-printing was largely developed, but I think it is often over- 
done. I consider that a moderate amount of colour ir a great improvement 
to a map. Ground forms, however indicated, can, in my opinion, be better 
shown by colour than in black; it is advantageous also to distinguish water 
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by colour, to give prominence to main ruatls by coLmring tliem and to 
colour woods and forests, but I do not advcRaite going mueli beyond this. 
It is difficult to choose colours which are suitable, distinctive, and har- 
monious, and the more numerous the colours ustal the greater the difficulty 
of doing so. 

Colour-printing introduces possible sour<‘es of error. ( olour maps are 
based on a drawing on which all detail to appear on tlu' map is shown. A . 
plate is prepared for each colonr on which there should be only sncli detail 
as shall be printed in its particular colour. In prt'paring this plat(‘ there 
is a risk that detail which should a])pear may be omitted, or that detail be 
inserted which should be on anotlnu* })late, or that the dc'tail may be 
slightly out of position. Again, owing to^ chaiigt' of temperature and to 
the varying amount of moisture in the air, paper coiitra<-ts or expands. 
Registration can rarely be mathematically con'e<*t, and with <‘very care 
may sometimes be appreciably out. Wliilc with (‘are t‘rrors such as 1 have 
indicated can be minimised so as not appreciably to affect ilu‘ map, it is 
difficult to ensure that they slumld be alt.ogther abstmt. 

To recapitulate my views, I advwate for a toi)ographi(‘al map a scale 
between and x-iaV-ro* (2 a<-<‘ortliiig to eiirumstam’es. 

The scale of survey to bo double that of tlu‘ litusln'd nia}) ; ground forms 
to be shown by contours reasonably close t(>gether, the <‘xact interval 
depending on the scale of the map and tlu* natur<‘ of the country, also, if 
funds are available, by vertical hachnres; hotli cuntours and hachnrt's, if 
shown, to be in colour, the same c(.)lonr b(‘ing used f(.n‘ both. If ci.tiisidera- 
tions of time and cost do not admit of (’(‘production by (Uigraving on 
copper, the map to be reproduced by some photograjdiie method and printed 
in not more than five colours. I put forward tlu'se o]dnions rather as a 
basis for consideration than as Imving special weight in tht‘ms(‘lves. With 
the increasing recognition of tlm important' of geography an increasing 
demand for maps is sure to come, and good maps can <miy 1 h‘ satisfactorily 
designed after considering the ])(>ints lu‘iv discusseth 

It is not yet, I think, generally recognisi'd that, a really goo(i t(>po- 
graphical map, bastul on triangulation, may lu' ])rodueed on a scah* of 
about 2 inch to the mile at very nuMleratt' ex}H'ns(‘ if unimportant detail is 
left out and survey and repi’oduction carried out as (‘conomically n.s possihh'. 
Such a survey has recently been carried out in tlu' Orang(‘ River rohuiy, 
a country mainly agricultural with generally p(MU’ land. There must lie 
few parts, other than barren and mountainous ri'giims, under settled gov(TU- 
ment where such a survey would not lu' of valms I ktiew that in futun^ 
still further economy in surveying and mapping will be iitfained, and this 
will stimulate the undertaking of fn‘sh survt'ys. 

Meeting, as we are privileged to do this year, in t'anada, I should like 

to say a few words on the .surveying and maj)])ing of the |)(unini<m, Tutil 

recently the only ma})s published have In'en on very small s^’ah'S and hav(‘ 
shown no ground forms. During tht‘ last few ytuirs, liowover, a ri'gular 
topographical survey has been unclertakeu by the Militia D<‘pariment. I 
am glad that for this topographical surv(‘y iiie s(‘ah'S of 1 im’h and i inch 
to the mile, both standard scales in Gr(‘at Britain and Indnnd, havi‘ Iteen 
adopted. They ar(‘, in my opinion, suitable .scab’s for ('anada, and it is 
to be hoped that for any m'w ma])])ing within tlu‘ British Kmpire fhest^ 

or similar scales may be adopted as tlu'y h.av(‘ been in manv parts. Vni- 

formity in scales is very desirable. 

Without committing myself to praist’ in ev(‘ry respect, fin* maps pix*- 
pare(i by the Militia Department, I may say that ilu‘y appear to nu‘ 
excellent, well-executed maps. Not many slu'cts luua* yv\,hmi issmM, and 
they are probably not yet well known even in Canada ; but I have littli- 
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doubt that when known their value will be appreciated, and that the area 
mapped will be rapidly extended. There are no doubt large areas in 
Canada for which a smaller scale than one inch will suffice, but there 
can be few, except waste and barren regions, for which maps on some scale 
will not be needed. To a country like Canada, which has made wonderful 
progress already, and which has a great future before it, adequate mapping 
must be of impoiiiance, specially so in view of the vast area of the country. 
I have misread the character of the Canadian people if they will be content 
with any except first-rate maps for the whole settled area of the Dominion. 

I should like to have said a few words on the aid which good maps give 
to geographical education, but my address is already too long. I will only 
say that while good maps and geographical education are of use to all 
countries, they are of special value to the British Empire, whose different 
parts are geographically so scattered, but which are so closely bound together 
by common ties of kinship, interest, sentiment, and loyalty. 
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Afteti searching for some time for a topic for this address suitable to 
Winnipeg, I finally made a choice which may not commend itself at first as 
a happy one. It is not a topic of immediate local interest, but at a distance 
of .nearly 4,000 miles I was not in a position to discover the economic 
problems the treatment of which would immediately arrest the attention 
of the people of middle Canada at the present time, and had a wizard’s 
wand disclosed to me such problems I should not have been able to solve 
them on paper from the other side of the Atlantic. And yet my subject has 
a direct reference to Canadian affairs, though the extent of this reference is 
not apparent till we look ahead and view things in perspective. It occurred 
to me after a cursory examination of some recent examples of that remark- 
able modern crop of Utopias and anticipations which apparently are 
appealing to an extensive public. If only these ‘ new worlds’ represented 
what existed somewhere among human beings with passions and infirmities 
like our own, how much more instructive they would be ! one was naturally 
led to reflect. You will see now the train of suggestion fired in my mind. 
Clearly, if the gaze of humanity is repeatedly drawn to its future, a visitor 
from a laud of advanced industrialism who had made that industrialism his 
study, in speaking, in a country as yet thinly populated and young in 
industrial experience, of some of the most urgent problems which indus- 
trialism brings with it, might expect a hearing at least as patient as that 
which a very minor prophet would win. Now among the most insistent 
root problems to be found in our great industrial city civilisations are those 
which group thcnnselves around wages, conditions of work and living, and 
the hours of labour. From this group I have clrosen the problem of the 
hours of labour, as the one which has not, perhaps, received the same 
measure of practical consideration as the rest. Expressed in another way, 
our topic is the value of leisure, the bearing of industrial development 
upon it, and its effectiveness in shaping economic arrangements. The 
demands continually made for shorter hours and a normal day, the claim, 
now extensively supported among Western peoples, that the State should 
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intervene, and the fact that some Govevmmmt.s have intervened, even to the 
length of regulating the hours of adult inah; labour, are additional grounds 
for trusting that this topic will be at prescnit of more than academic 

interest. , . . . 

We naturally inquire at the outs(‘t why ih<' question fd kusnrc does not 
assume prominence until modern industriali.sin lias sup})la.nted a simpler 
economy, and why much less is Inmixl of it aimmg agri<mllural than among 
industrial communities? In the liaml imlustri<*s of iln^ piisi ibe hours of 
labour were excessively long in compansou with nuKlmm imlustrial stan- 
dards, and among the peasantry and })ioneeriug faniuu's work nevm* wholly 
ceases in waking hours throughout iniu'h of the year •ex<'(‘p1. for short, bri-aks 
for meals; and yet little complaint would seem to have rt'aelied us from 
either source. The oxplaualion may lie i)artially in ilu‘ fact, that, lu'w 
grievances emerge with the spread of the wages system ilie problem oi the 
working day does not ])reseni itself in tiuift' tbe sanu* light to wagc'-(*nriu'rs 
and to the self-employed — that iln^st' gritwanct's are render<‘(l nion* articulate 
by production ; and that the aggri\gatioii of jx'oplo ot one <‘eonomic 

class in dense packs gives unanimity and volinm* to tlu‘ (bmiand for nd'orm. 
The hardships suffered by n scattered population, oceasioniiig <liscontmits, 
which, however, stop short of provoking (»nthr<‘ak, seldom suei'eed in attract- 
ing public notice ; and people acting in isolation arc* naturally timid. But 
this, I think, is not the sole explanation. '!rho charad.ei' of much of the 
world’s work has changed and so have the dmnamis made upon leisure. 

Industrial work on the whole lias certainly beconio mon^ regular 
and continuous throughout the year, and analysis would st'mn to 
show that work per unit of time g(*ts nnux* st'vere, in a sense, as 
communities advance, though no doiilh a str(uig (‘uso eonld lu* niadi* out 
for the view that the trend of ('c:onomi<‘ jirogress is towards an <‘nd in which 
the character of labour generally will lu* far more <uHnlu<‘ive both to satis- 
faction and to human develojmu'nt. 1 am not so optimistic as fo supposi* 
that mechanical iuquovements do not freijuenily liring with them a tu'W 
monotony of work, though higher wages nmy previ'iit them from forcing 
greater monotony of life upon 11i(>S(‘ who suffer fnmi tin* new monotony <d 
work. Mechanical improvement procei*ds l»y ‘ .spc'cialising out ’ ,mc<*hanical 
tasks, the performance of which by hand must be a <lr<'ary <H’cupation, liui 
each step in the march of invention seems tocr(*ati*, as a rub*, by its iin’mu- 
pleteness, tasks meaning a new and more conct‘nt rated moiuftony, tluMigh 
no doubt it must generally result in an a'j)pn‘<*iabl(* rishiciion of the annmut 
of dull employment invoiv(*{l in the ;ittainm(*nt of a given output. Any 
work must be wearisome the iiace of which is set by a nuu'bim* and ki'])! 
absolutely steady. We may ns(*fully conqian* me<h,ani<\nl improvements 
with discoveries relating to the iitiliwition <d by pro<lu<'ls. I'ln* laiii'r 
always recover from refusi* somi'thing of value to tin* <‘ommutuly. but tln‘y 
generally leave a refuse more con<'entrah‘<1 than that with which they began*. 

The road of economic advance is liy way <d sp(‘cialism, and/jnsi as 
there has been spmalism in tools and in division (d labour, so tbmv 1ms 
been a specialism of labour in working hours and of leisure and social 
intercourse in non-working hours. Spi'cialism on the om* sidt* implies tlu* 
elimination of waste, whether of means or of time, and it has therefore 
meant to the labourer the partial or occasitmally comph'te (‘liininaiion of 
the leisure with which his working hours nstd i<v be plentifully initu'sperstsl. 
In a modern workshop, noise, the necessity of disci pi im*, <,r a continuously 
absorbed state of the attention, have frequently n*dmHMl tin* ])«>ssibilitios of 
conversation to the barest limits. Humanity ha.s no <loubt bet'ii relit‘v<sl of 
the heaviest burden of toil by inventions 'relating tin* nu‘chaniHtn of 
production, but their application has been mrompauied on the wlioh* l«y the 
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closer concentration of some kind of effort in time. The intensification of 
labour in a more confined sphere of activity may, as Professor Miinsterberg 
argues, exercise more fully the higher human faculties and thereby bring 
with it a deeper interest, but it will almost certainly prove more exhausting, 
even apart from the elimination of change, leisure, and social intercourse! 
And decade by decade, with the ‘ speeding up ’ of machinery, we should 
expect to find more nervous strain accompanying the process of production. 
That industrial functioning has become a severer tax on the energy of the 
workman is fully borne out by the evidence of numerous reports upon 
industrial conditions. 

The increasing nervous strain of industrial work, whether it results from 
the progressive specialisation of labour or not, would account sufficiently 
for the curious circumstance that there is apparently no finality about any 
solution of the ever-recurring problem of the normal working day, though 
it is not the sole explauation. The workman whose day has been reduced is 
soon repeating again his demand .for shorter hours, and there are pessi- 
mists who infer from this that the shorter hours attained hitherto have 
shifted the community on to a slippery inclined plane which leads from 
the economic ‘ struggle for existence ’—by which is meant the competitive 
striving for ijlace, reputation, and achievement, whereby progress is 
naturally stimulated — to economic stagnation. They think they discern in 
the present generation a growing disinclination to make an effort and a 
growing disposition to take the easy path ; but that the truth cannot be 
mainly with the pessimists an examination of the effects of curtailments of 
the daily hours of labour upon output would at least suggest. A mass of 
material exists in official and other reports in more than one advanced 
industrial country for a study of this question.. Beginning with the writ- 
ings of Kdbert Owen and Daniel le Grand, both of whom laid especial stress 
on moral and social elements, an investigator would find an almost unbroken 
sequence of evidence. Mr. John Rae collected a volume of facts in 1894, 
and these may now be supplemented by the experiences of yet another 
half generation.^ Limitations of space forbid that I should quote 
examples, but I may at lea,st roughly generalise from the recorded facts. 

I have found no instance in which an abbreviation of hours has resulted 
in a proportionate curtailment of output. There is every reason to suppose 
that the production in the shorter hours has seldom fallen short by any 
very appreciable' amount of the production in the longer hours. In some 
cases tile rod net, or the value of the product, has actually been augmented 
after a sliort inierval. In a few cases the reaction of the shorter hours on 
the output ]jev w^eek has been instantaneously noticeable, and the new 
product has sur].)assed the old product before mechanical methods could be 
improved. Turther, for some industries — for instance, for the Lancashire 
cotton industry - -we have preserved for us the results of a string of observa- 
tions reaching back about three-quarters of a century, and it would appear 
from them that the iKmeficial effects wrought upon output by the shortening 
of hours were substantially repeated, though, of course, in different degrees, 
at each successive rcHluction of the working day. 

S(> far I have directed your attention mainly to two incidents bearing 
upon the liours of labour : the one, the effect of industrial development in 
curtailing the hours which result in the largest daily output; the other, 
the subjective (ffiect of the increasing strain associated with such 
advance. I have, now to add another influence, which is the 
enhancement of the value of leisure which must accompany a rise 
in wages, improviKl (‘ducation, and social progress generally. It 

1 Note in particular the report, of the Industrial Commission of the United States, 
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must be insisted that the amount of the real wage yielded by a given 
money wa^^e varies as the time left to spend it ; and, further, that the 
value of leisure is a function of the goods which can be enjoyed in the 
period of leisure. The acute operative would aim at so distributing his time 
Ltween work and recreation that the gain resulting from a little more 
leisure would equal the loss consequent upon tlu' implied diminution of 
wac^es. Hence, when the volume of goods per head annually 
supplied to labour was augmented, an attempt wouhl almost certainly be 
macle by the operatives to buy more leisure, even if the witisfaclion derived 
from leisure were unaffected, which it would uot be, because the satisfaction 
derived from leisure must rise when each hour of leisure is enriched by 
greater possessions. As regards the effect of education, it is suffHoent to 
point out that the value of leisure is a functiou of appreciative power and 
that this is developed by education, but it mnst be observed that the higher 
appreciative power might enhance the satisfaction got (uit of the work 
itself, and that this effect might conceivably cminteract the effect on the 
value of leisure, or even more than oOnnieract it. Ambiiions would he 
further awakened ; but the ambitious operative would prol)alily dimiand, as 
a rule, more time for study. I think it un(pi(^.stiouable that, on tlu' wdioh', 
educational advance causes a curtailment of hours. ‘But unfortunately 
human nature improves slowly, and in nothing more slowly than in the 
hard task of learning to use leisure well. In every age, in every nation, 
and in every rank of society, those who have known how to work well have 
been far more numerous than those who have known how to use leisure 
well. But on the other hand it is only through freedom to use leisure as 
they will that people can learn to use leisure well : and n(’> class of manual 
workers who are devoid of leisure can have mmdi self-res],)('ct and iKu^ome 
full citizens. Some time free from the fatigue of work that tires without 
educating is a necessary condition of a high standard of life.’ ' Socual 
progress, broadly regarded, by complicating life and rendering vague feel- 
ings of social obligation definite and more insistent, creates new claims on 
leisure. ‘ Generally it can be said that the more com]dex ihe social organ- 
ism becomes, the more its constituent individuals must (h'voie time, ajuirt 
from work and business, to the family and recreation, to (nlucation and 
general affairs, the more necessary is a g(unM'al social {irraug<mient conccMm- 
ing the distribution of time between the several pmqioses which it has to 
serve.’ ^ 

The eight hours day has come to ho regardc'd by some social ndormevs 
as the ideal of the future. The doctrine that the workman shouhl normally 
work eight hours a day has been put forward as holding at least as 
generally and with as high a degree of certainty as, say, ilK' (hx'f rine that 
the workman should normally sleep some dcTiiiite numlKU* of hours a day. 
But I should argue that the problem of the Icmgth of the working day is of 
an order different from that of the problem (if thi' tinu' which shouhl 1 h‘ 
devoted to sleep, for whereas ihe hours which should he given to shnq) (h'pend 
mainly upon physiological conditions, though th('S(‘ physiological (‘onditious 
are affected by econouiic and psychologicaf conditions, the hours which it 
is wise to assign to labour depend upon the attitude of the workman to 
leisure and work, which results as much from non-physiological as from 
physiological influences. It is my purpose to demonstrate that the non- 
physiological value of leisure, as well as its physiological valins must rise 
with progress, and, therefore, that in all probability the hours which .should 
normally be worked per day will become steadily iess. The id(\al working 

Marsball, Privciplofi of Eponomics, 6th ed., pp. 719-20, 

Schmoller, Qrmdrhs der VollmvirtliseliaftsU'hre, p. 741, 
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day of the future cannot be eight hours, for it must be essentially a pro- 
gressive ideal. As a community advances agitation for shorter hours 
will be constantly breaking out anew. If this be a correct reading of 
progress, it is important that we should understand fully the forces at 
work at each re-settlement of the length of the working day, those on 
the employing side as well as those expressed in the claims of the opera- 
tives, I propose now, in consequence, to disentangle the impulses and their 
relations, into which the question of the determination of the working day 
at any one time may be resolved. 

The problem being elaborate, it is essential that we should proceed by 
successive steps of abstraction. We need not be afraid in this age of under- 
standing of having recourse to abstraction ; it is a method without which 
every scientific study, whether philosophy, biology, physics, or what not, 
even history, would be impossible. In the first instance, therefore, I intend 
to indicate the length of working day which operatives and employers 
would respectively seek if they recognised their own interests and were 
endowed with complete foreknowledge of the effects of different hours of 
labour upon their interests. I shall assume— as I may legitimately for 
ordinary factory employment— that the workman tends to get as his wage 
his marginal worth, that is to say, the value which would be lost by his 
dismissal. We may assume, further, that the marginal worth of the 
workman for any given working day becomes in the long imii a stationary 
amount. If the efficiency of labour rose continuously in consequence of a 
reduction of hours it would obviously approximate to some limit, and if it 
fell continuonsly in consequence of an extension of the hours of labour it 
would equally approximate to a limit. After some time the differences 
between these limits and the actual efficiency of labour could be taken as 
negligible. Merely for the sake of simplicity, I shall now suppose that 
one kind of labour only is employed. It is clear, then, that it is possible 
on these assumptions to indicate what in the Icmg run (i.e., when all the 
reactions, as regards, for instance, the efficiency of labour and provision 
and arrangoTnent of other agents, have taken place) the marginal daily 
worth of labour will be for different lengths of working day, it being under- 
stood that the number of shifts worked remains the same. If the number 
of slii fts were increased the value of the labour would rise, as will be fully 
explained later. Let us suppose that the following table represents, at a 
given tim<% the value of labour of a given kind per week in relation to the 
length of the working day : — 

Talue of Labour 

Hours per Day. per week in Sliilliugs. 

6 . . . 34 

38 

40 

5) 41 

10 40 

11 39 

12 37 

The fall in the value of labour after the working day exceeds nine hours 
is due to the fa<*t that diminished weekly productivity more than counteracts 
the <lirect effect ef the extension of the daily time for worlc. The diminished 
weekly produciivity may he due to impaired vitality— physical, mental, or 
moral- or to some extent to irregularity, where that is possible, as in the 
case of (colliers. The damage to prodmdivity may be inflicted directly by 
excessive work’, or it may be imlirectly consequent upon it, the prime cause 
being found in the use of stimulants or recourse to unhealthy excitement in 
periods of leisure, reactions which are only to be expected when the day’s 
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work is very exliaustiiig or very <hill. The use ol \vimiv affects, <>f course, 
mental vitality, culture, and charii<-ier, aiul it will tlu'refere be geiu>r;illy 
observable that labour whicli lias liad its houi's reiluced will be caj[ial)le afttT 
a time— when the use of leisure has been improved and the improvement has 
produced its effects— of managing satisfactorily more coinplieated machinery, 
and will be generally more respmisihle ami trustworthy, ami therefore less 
in need of continuous watching and dirwting. Mow, ek-arly, if employers 
are endowed with the foresight presupposed, ami if iludr hours of work 
need not increase concurrently with a lengthening of the working day, it is 
in the case supposed to their interest collectively to coiiu' to an agreement 
not to employ labour more than nine hours a day, ami to their interest 
individually not to employ labour for shorter h<iurs than nine a day. The 
second conclusion follows from the fact that the weekly [)roduet woukl be 
augmented by a greater amount than Iv. mnltijdied by the number of 
operatives were the hours of labour increasetl, say fnmi idglit to nijie, 
because labour, as every other agent employcul in produel ion, is ])ai(l mb by 
its aggregate but its marginal worth to the l,iusim‘ss in wlii<di it is employed. 
This proposition may be made more self-evkk‘nt by llie f(dlowiiig example. 
Were labour rendered 25 percent, more i)roductivi‘ all round, the pixKUict 
and real wages would each be raised approximately 25 pm* cent., oilier 
things being equal ; but as the product must 1 h‘ greater than aggregate 
wages the addition made to the former by the longer hours must be greater 
than the addition made to aggregate wages. 

Next, suppose than an agreement between emjdovers, tacit or overt, is 
impossible, and that each employer will make W’hal he can when he ean. 
What hours, then, will competition among cmph^yers lend ti> bring about, 
when humanitarian conskleraiions and any resistanee frtmi the (^j>erativ('K 
are ruled out? Suppose the efheiemy of labour al Ihe tiim* is tlial asso- 
ciated with a customary working day <vf ten hours. 'Pin* product of the last 
fraction of the tenth hour could not b(' zero, for, if it weu', len Inmrs would 
not be worked. The ultimate effwT <d' extmHliiig llu- wtuiviiig <lay beymid 
nine hours is loss, not because the ])rocluci of tlii' last fraidioii of (he ninth 
hour is zero, but because the piaduet of the last fracliou <if the iiinlh hour 
just equals the ultimate reduction of the '(>nnlm*t of the other hours tn'ca- 
sioned by the lengthening of the working day. lienee, on l}u‘ assumption 
that employers are perfwdly far-sighted but that agiXH-meni ln'twemi them 
as to working hours is lacking, the disp<vsiti<m <m ih<- |)ar( of each empk^yer 
to reduce hours to nine would be weakeiUMl if (‘a<'h enqik^yer <*oiikI not 
depend upon keeping operatives after he ha<l brought them io the levid of 
efficiency associated with the nine liours <lay. Tin* reforming emplt^yer 
would run the risk of paying the whole cost of the labour valm‘ created' by 
shorter hours and getting little in return *, otlun* employers might secure 
and exhaust the new labour value, and no pt'rmanenl go(Ml' woukl lu* effeeled. 
Nor would there be any more guarantee in tbe eondilions supposed that 
the nine hours day would be retained, if in.siituhd, for an (unploytu’ <'ouhl 
always snatch a temporary advantage by (‘xtcmling liours and paying 
slightly higher weekly wages. This is a geiieral pimof' that, on ilu' assump- 
tion made as regards the intelligence ami hnx-sigbl of miqdoyers and in 
the absence of agreement between them, ihe ho\u‘s resulting in the maximum 
product would not necessarily establish* themselves, no foix'e <m the sid(‘ of 
the workpeople being supposed oi)eraiive. 

I now pass on to analyse the (hdcrininaiiis of tb<‘ opera! ive^ clioici' in 
the matter of the hours of labour, assuming that his wage iHjuals his mar- 
ginal worth and that he knows it, ami supposing in tlu' first place that he 
is endowed with perfect prevision. Two things affe<d him which do imt 
appeal to the self-interest of the employer, namely, the direct value of his 
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(the opemtive’s) leisure and the balance of satisfaction or dissatisfaction 
which his work yields of itself. Here I must interpolate the remark that 
by ‘satisfaction’ or ‘utility’ in this address I merely intend a con- 
ventional objective representation' of the subjective fact of preference, 
behind which the economist qua economist cannot penetrate. I say this 
in order to evade the charge so frequently made against economics that it 
implies the acceptance of Utilitarianism, psychological or ethical. Picking 
up again the main thread of onr discourse, we observe that, apart from the 
two considerations mentioned above, namely, the value of leisure and the 
satisfaction got directly from' the activity of labour, the operative’s real 
income is maximised when his money income is maximised. Hence apart 
from these two considerations the choice, as regards the length of the work- 
ing day, of jierfectly far-seeing operatives would be the choice of far-seeing 
employers were the latter combined. Now take the value of leisure into 
ai^coiiht. Any daily duration of production being premissed, if the utility 
derived from an incremental addition to leisure is greater than the utility 
of the increment of wage sacrificed by transferring an incremeiif of time 
from pro'duction to consumption, the operative would gain from a contrac- 
tion of the woi’king da,y, otlief things being equal. Recurring to our earlier 
numerical example, we see that from the long-sighted point of view the 
jji’oductivity of the last fraction of the nine hours day is zero while its 
value as leisure must bo greater than zero. Hence the operative would 
choose to work less than nine hours a day, it being understood, remember, 
that he is paid liis marginal worth and knows what that will be for 
different 'ilaily periods of work. Leisure consists in rival satisfaction- 
yielding occupations, active or passive, which are rendered possible by wages. 
Tliere is consequently a close connection between this and that other deter- 
minant O'f tlie o])eiative’s choice, namely, the positive or negative utility 
associated with labour itself. It may be granted that in the long run, 
after Ihii working day has exceeded a certain length, any further addition 
to it diiniiiislies the satisfaction directly derived from working or adds to 
the balance of dissatisfaction. If a balance of dissatisfaction were asso- 
ciated ill the hnig run with the efforts of the last minute in the working 
day wliicli tlie o])t‘rativo would otherwise choose, as would ordijiarily be the 
case, he would cdect, other things being equal, to work an even shorter day, 
the diirai.iou ol; which would he determined at the point at which the 
gains and losses came to equivalence when everything was taken into 
account, that is to say at the point at which his satisfaction was maximised. 
Did the last minute of working still yield satisfaction in the long mii when 
(lu‘ hmirs were nine (referring to the case supposed), which is so highly 
improbable as to be a iiegligibtc case, the operative would prefer to devote 
more than nine liours of his day to production were this satisfaction of 
working greater than the value associated in the long run with the last 
minute of leisure left when nine hours a day were given to business. 

8o far in ('onsidering tlie o])eratives’ interests we have fixed our eyes on 
a remote ])crs])ective. We next focus our attention upon immediate teii- 
dimcies a, ml suppose^ them not to be counteracted by forces arising out of a 
Vi'gard fm* ultimate rc'sults. In these circumstances the operative would be 
iiudiniHl t<i si‘h>ct a longer working day than that which would be con- 
tinuously the most advantageous to him, because he would be blind to the 
rea<dion*or the longm* hours on efiiciency and so on earnings and the capacity 
to take ])h‘asure in work. Many people lower the general level of their 
earnings in Die futurtN and spoil their enjoyment of work and leisure in the 
fnturei liy iiia.kiiig as mimh as they can in the present. However, even in 
these circumstances operatives would not approve such long hours as 
employers who wei’C -diort-sighted, because the latter would make no allow- 
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ance for the disutility of labour to tiio cipiu-ativc or the utility to him of 

are assuming throughout, it must be remenibered, that the wage 
will always be the operative’s marginal worth that is, wdiat would be lost 
if he were dismissed-~atid that he knows it. Actually, of course, there 
is frequently an appreciable discrepancy between the marginal worth of 
labour and its wage, and the usual cmmection between them has not been 
commonly understood by the wage-earning elasses. It would seem from 
the records of labour movements as if the operative’s fear based as much on 
ignorance as on distrust— lost the longer day should mean no more pay, 
though the weekly product would be greater, has i)rolecte<J him against the 
injurious consequences of short-sighted ness ; but 1 am inclined to think 
that the dominant force in these lalK)ur movements has c‘imsisted in ideals 
of life, formed half instinctively, which are unconiiectcal with views, falla- 
cious or otherwise, concerning tho mechanics of distribution. Bad argu- 
ments have been used to justify good ends. To tlu'se. ideals of life I shall 
refer again. 

In reality the actions of both employiTs and employed, in so far as they 
are governed by self-regarding in\])ulses, will be compromise resultants of 
immediate impulses and loiig-sighkHl calculaiitms. Long-period results 
which are not very remote will usually be a})i»m‘iate<l, aiul eni])loyers as 
well as operatives may aim at them, be<’ause the foiuu'r may think tbu 
length of time an operative usually stays with one (inn suiru'ieut to justify 
a slight present sacrifice made with the object of securing imjinwtmumt in 
the operative’s efliciency. 

The above analysis explains not only disagroemmits bi'tweeii I'lnployers 
and operatives as regards the normal working ilay, but also the friction 
which is constantly generated in the matter of ‘ ovend ime.’ Without the 
admission of overtime heavy losses might be mxptuut'uced Ity an industry in 
view of the inelasticity of its prudiudiou and flmdualhms in tlu^ market in 
which it sold; but, on the other hand, overtime oiuh' admitted sometimes 
tends to be worked out of proportion to tlie sptrial need for it, and (q)era" 
tives are apt to suspect that it is being imed unfairly to (‘.\fend tlu; normal 
day. 

I now desire to compare specifically the effect on wuiges with the (Thn'-i 
on the working day of the mechanical mdion of pure <*umpi‘tili<m. In the 
matter of wages, if operatives were too weak to have imu’h influence in 
settling their pay, competition betwi^eii em])loyer.s, wen‘ i(. kemi ami un- 
checked by combination, would at least semire to tlu' opm'atives as a wagi‘* 
fora given working day, their marginal worth (within limits set by s<H*iai 
friction) in view of their then state of enhueimy. T’hus in tlu‘ cir<nuustanc<'s 
supposed the operative would tend to gtd a})pr(>ximat<‘ly tin* utmost possilde 
—apart from the question of the roaidiou of wag(‘s on eliiiuency in an active 
society reposing economically <m a basis of free<hmi (d (mterprisis fm* we 
may take it that in such a swiety the bhlding of imlivi<luals against om' 
another lor labour would continue at h^ast up to tlu' known marginal worth 
of labour. Observe, however, that the existence of smdi bi<hling may imply 
that new businesses are being estiiblislusl, or that ohl cslahlisluMl muploycrs 
are anxious to make c<msiderable extensions, for old establislu'd cmphycr.^, 
knowing that similar workmen must lie paid the same, might avoid courses 
of action which resulted in a gain less than tlu^ h^ss iuv(dv<sl in the (‘hwation 
of wages. It is doubtful whether einploym’s would as a rub' assume that 
if they did not take steps leading to an advanci' in wag<‘s oiliers would do 
so, for, not unnaturally, employers are commonly imlisposed to disturb rat(>< 
of wages except for strong reasons. And in the cases in which competition 
IS effective m raising wages to the marginal worth of labour, it must 
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be remembered that employers, even if endowed with a powerful 
telescopic faculty, would not necessarily be induced by self-interest 
to offer the wage in excess of the operative’s worth * at the time 
which would ultimately produce (by augmenting the bodily and 
mental vigour of the operative) efficiency value equal to it, for 
their precautionary instinct would attach weight to the apprehension 
lest some of their operatives should leave them and carry to rival employers 
the proceeds of the long-sighted investments thus made in them. Other 
things being equal, of course, the higher the efficiency of labour the greater 
is the gain not only of the workmen but also of the employer. Now, as 
regards the working day, we have already seen that uncombined employers 
might keep it longer than would be desirable from their point of view, for 
the same reasons for which they might keep wages lower than would be 
desirable from their point of view. These reasons are, I repeat again, 
short-sightedness, or fear of incurring an expense the fruits of which other- 
employers might reap. In this respect competition between employers is 
equally defective in its bearing on wages and in its bearing on the length 
of the working day. But it has an additional defect, as regards the 
amenities of working class life, in its bearings on the length of 
the working day ; for though competition between employers in an enter- 
prising society would bring about the degree of devotion of time to produc- 
tion which the operatives would choose at the wages rendering it possible, 
the choice of the operatives is apt to be governed by a circumscribed vision 
which is partially blind to the responses of efficiency to abbreviated hours. 

It would seem, therefore, that two reasons at least can be derived from 
economic theory for State intervention in the matter of the hours of 
labour, if it be assumed that the State can discover what is best for the 
country. The oiie is to correct the tendency of people engaged in industry 
to agree upon an amount of sacrifice to money-making, which means a 
large future loss, involving the next generation, for a small present gain ; 
the other is to fortify, if needful, the resistance of operatives to the disposi- 
tion of some employers to secure a greater product at the expense of the 
operatives’ convenience. This conclusion would, however, be too hasty a 
deduction. Economic matters are settled, not merely by the self-regarding 
forces which we have hitherto emphasised, but also by social conceptions, 
embodied in public opinion and class notions of what is right and proper, 
which defy expert analysis and any accurate evaluation as influences. These 
social conceptions, which ai-e not deliberately framed on a rationalistic 
basis, but })ro(;reed insensibly as it were from the needs of human life, are 
less intermixed with religious elements now than they used to be, but are 
none the less powerful. Resting on the seventh day is not at present a 
religious observance to the extent to which it has been in certain periods of 
past histiU’y, but it has not universally been found necessary to supplement 
the declining religious .s<inction with the legal sanction. How far progress 
whicfii runs counter to tendencies determined solely by self-regarding forces 
may be left with confidence to the operation of these incalculable motives 
which sway every community, can be settled only by careful observation. 
It is sufficient now to recognise their existence, and to point to the 
reductions of tin* hours of labour in recent years. I do not propose to 
(tonsidcr hert\ in tlie light of the existence of these incalculable motives, 
the merits and d<unerits of the Jnethod of legal enactment for attaining 
the ideal in the matter of the daily duration of toil, except to 
observe, first, that Government interference which aimed at securing 
reasonabh^ hours for adult males in all the diversified industries 
of a country would entail elaborate, elastic, and frequent legisla- 
tion, and would no doubt be accompanied by many grave errors;} and 
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secondly, that a prima <^'iso vnii ho iikhIo luil for iho rt‘i;ulation of the 

hours even of adult inalos by auiliorilal ivt' hoards, Onl(>r of Ihe Home 
Office, or by statute, wlleu labour is weakly e(Mubiiied and hours are 
evidently sweated hours, and evideiiee is f<uHieouniig tlial ihey are detri- 
iiieutal to health or vigour. iSbn* <lo J projujse to consiiler whether it 
might not be better to suffer for a time present ills in the ho])es that there 
would grow up in the coinmuiiity an a,de([uatt' power of scdf-regulaiion, which 
would incidentally be a<'e<mrpanied by highly valuable s<K*ial eonse([ueiiees, 
outside tlie sphere of our ])r('sent. iiupiiry, that otherwise* iniglit; never have 
been elicited. I am hopeful lliai the intangibh* foree of publie oi)inion, 
directed by oconoinie and ethiead e*nlightenment over a (ii'Id re'inh'n'd yearly 
more co-exteiisive with eoiiteinpeumry faets in eoiis(Mpu'n<'(‘ (d' tlu' growing 
demand for publieity and the Response* made* to that (U'niand l)y govern- 
mental authorities and the [)ress, will luvoim* in the future an increasingly 
efficacious factor iu ])rogress, apart from its e'xpn'ssioii in law. ,Mven 
to-day, ill view of the dopemdeiux' of prodiieers on donintid, neither 
enijdoyers nor trade unions can afford t(^ bravi* for huig publie sentiment, 
though iinorganise<l, when it is dee])ly stirred; and ]ujbli<- sentiment iu 
the years before us may be expected to respond imu’i' sensitively to im‘i<h‘nts 
in its surroumliugs which ofh'iid against S(K*ial <‘<m<H'ptituis <d' what is 
right and pro])er. The cases of <*hildreii, ,\oung ]K‘rsoiis, and women, which 
bring in sjiecial considerations, must be ruled off from the subjeet matter 
of this address. 

There is no doubt but that all a<lvan(‘e<l iiHlustrin lism toolay is feidiug 
the strain of an aeeumulation of fore(*s tending bring about an ablirtwia- 
tkin of the working day, ami that it will Ik* subjeeled to the same strain 
in the future. Now, iu relation to this experieiiec*, it is dislui’biiig to mdice 
that a close-set limit is im])ose<l upon nduetion of lumrs by tlu* lu*avy 
interest and depreeiaiion chargt's with whi<‘b tin* prinluei of a maeliiue 
is burdened when it works only a fra.eiion of the time for wbieli iiitcu’est 
must be paid. As regards d(‘pr(‘<‘ial ion it must be (tbservi'd that biiibliiigs 
deteriorate iu value at least a.s nimdi when shut up as when they are 
occupied; that machinery <‘ontinues to W('ar out, and sound imes rnpi<lly, 
when it is klle ; and that the reserve fund necessary Ix^ause the marlu't 
may contract at any time, and bisaiusc* maehiiu'ry may at any liim* be 
rendered obsolete, is indepemhmt of the h'ligtli (d tin* working day. Many 
inventions involve an exteiidtsl us<‘ <d eapital per head, i hough all <lo 
not, and interest and depre<dation ehai’g<'H are on the one hand int<‘nlietiug 
the application of some of tliost* new j<l(‘as industry which (lo ueeessilaie 
heavier capital investment, ami on the oilier hand pn'veiiting tbosi* applied 
from reducing liours so much as they <dlu‘rwis(‘ wouhl. 

The weight of the discouragenu'iii imlieatis! above to the shortening 
of the hours of lahour depends, of course, upon the ndation befwei'n wages 
and payments for ea])ihil in the {‘X]K‘ns<‘S of a buslni'ss, ami this relathm 
varies with the industry. A rough eahmhiiion, never! beh'ss, For a 
particular industry of the sjiving in hours which might. In* effeete<l by tin* 
continuous running of ])lant will not be altegi‘tli<‘i‘ irrelevant. 
Ill the industry for which I hav<' obtained tiguri's, inler«‘st and de])rin*ia- 
tion would be rwhonwl ordinarily at 10 per eeiil. on tin- <*apiia}, about 
half for each, while wages wouid be in Hu* mdghlHmrhoml of 12.1 per 
cent. Now, it is being assummi pnwisionally that the (b‘preeiaHon e’hargt* 
varies as the hours worked, that the rate (if inii'i-i'st is ;i emistant, that 
the equipment of the industry remains as hefori* and lahour tends m‘itlu‘r 
to leave the industry nor to flood into it, ami that otlu'r eosf.s id production 
are not affected, we find that hours could he mlueed from ten to eiglit 
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without any loss of wages, were the continuous running of plant substituted 
for the ten hours day.' 

Actually, of course, some of the gaiji would be takmi in the form of 
higher wages. Further, it must be noticed that the assumptions made do 
not accurately correspond with fact, though they are satisfactorv for the 
purposes of a iii-st approximation. On the one hand thev lead to' an over- 
estimate of the advantages of continuous running, because twenty-four 
hours of work could not possibly be squeezed into a twenty-four hours day 
and because tlie cost of artificial light during night work is disregarded, as 
are also the costs connected with awkward points in organisation, with the 
sharing of responsibility for the proper treatment of machinery, and with 
the fact, universally experienced, that night-shifts are not so productive as 
day-shilts. On the other hand, they lead to an niider-estimate of the 
advantages of continuous running, because the cost of depreciation, as we 
have seen, is not proportional to the daily hours of work,^ because the 
shorter hours would raise the efficiency of labour, and because the demand 
for capital would be reducc‘d, as would also the demand for land for manu- 
facturing purposes. The inevitable contraction of the demand for capital 
is a point to be empliasised. If working hours per day were raised from ten 
to twenty-four, then, the reaction on the efficiency of labour still beimr 
disregarded, the old output could be obtained with five-twelfths of the old 
capital: the consequence would be_a fall in interest, an augmentation of 
the amount of the })lant per liead of the people working with it at one time, 
and therefore an increased output per head. 

In view of its great economics, the shift system calls for very careful 
consideration. Tlu‘ magnitiide of the advantages which the wage-earners 
might hope to derive Irom its more extensive application has 
been denied, on the gr<mnd both of theory and of experience of 
those businesses in which it has been tried.* But theoretic objections 
of a fundaimmtal nature' will be found to reduce to false doctrine 
concerning the determiiiafh)n of wages ; and it must be remembered 
that as the btmefits accruing frojii the comparatively few cases in wdiich 


* The calculation is as follows : — 


Interest .... 

= 5 per cent, of capital. 

Dei)reciation . 

= 

Wages .... 

= 12^- 

Wages - 1 - Interest . 

= „ 


Continuous running would mean increasing the annual duration of production in 
the ratio of Hence, with continuous running, 

Wages + Interest = 17^- x = 42 per cent, of capital. 

And, as the capital rcm.'iins as before— 

Interest. . , . . = 5 per cent, of capital. 

Wagc.s . . . . = 37 „ 

Writing .r for t.lic daily hours worked per head which would yield the same 
weekly wages as hefore, we have 


37 

‘if 


X ,r = 




12 ^- 

10 

300 

37 


X 10. 

= 3 (approximately). 


Had the depreciation been taken us independent of the hours of work the 
calculation in the previous note would have pointed to a seven hours day instead of 
an eight hours day. 
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the shift system is practised are by coinpetitiun spread over the whole 
community* the gain of any individual is cut tlown to a very sinadl jigure. 
It must not be supposed that the effect of its uiiivi'rsal ado])iioii would be 
equally inappreciable. Without general recourse to shift systems 1 cannot 
see any immediate prospect of much a(iditit)iial leisure for the mass of 
the population. Shifts could be designed so that no one shift would bo 
particularly disagreeable to w(U’k iu, and, if all shifts <lid not oiler equal 
advantages, the operatives could be moved nmnd, being assigned for so many 
weeks to each shift. The shi fts for huemeii, ami the management g('iierally, 
which would have to be strengtliened, might be arrangisl tc> run over a 
portion of two operatives’ shifts, so as to cement tlu' new work on to the 
old; and the connecting of the work of (uich shift with that of the shift 
which it followed could also be secured by arranging tliat the unit of 
labour should he a group of partners, consisting of one man from each 
shift, it being the duty of each man before commencing wcu'k to sec his 
partner in the displaced shift and receive, instructions from him. 
Naturally, a shift arrangement could only be introdmvd gradually. Are 
the objections to shifts of such gravity as to <*ounim'a<’t llu'ir immense 
economies? The fact that an affirmative answer was gt'iu'rally giv(‘ii to this 
question in the past is no proof that the affirmative is tlu* right answ(*r 
to-day ill England, or even in industrial Canada. Comlitjons have been 
revolutionised in the last fifty years. Improvements in artificial ligliting 
and in intra-urban transportation have alom^ swept away a mass of the 
conditions underlying the evils which usi'd to 1 k' associated with night 
work. And two or three shifts of aiiproximately s(*vt'n hours t'ach, or 
three or four shifts of approximately six hours eaiffi- J states a nut imme- 
diately attainable ideal— are very difh'rent in their effeduS upon social life, 
exclusive of those associated with the sliorim* pc'i’iod of toil for i*acli work- 
man, from two shifts of some ten or eleven hours eai'li. Witli the shorter 
shift in use, arrangements could he made without much didiculty for all 
operatives to get most of their sleej) in the night, if ilu'.v so wislu'd, and to 
enjoy most of their leisure in daylight. Bui it is not my intent ion in this 
address to make a practical proposal, or argiu* points of (h'lail. .1 uu'rely 
present certain theoretic corollaries •wlihii have incidi'iitally Ik'c'ii (h‘rived 
from our analysis of conditions doterminiiig tlu* ](*ngth of tlu^ working day. 
In conclusion, I may qxiote Dr. Marsliall’s final judgnu’iit that W(‘rc* shift 
systems more extensively adopted ‘the arts of production would progress 
more rapidly; the national dividend would increase; working men would 
be able to earn higher wages without ch(«ddng the growth of capital, or 
tempting it to migrate to countries when^ wages are lowtu* : and all classes 
of society would rea]) benefit from tht^ changt*.’ ‘ 

Lot me now summarise my main comdusions, and humanise them by 
restoring the moral and social elements from which our }>ri*iniss('s w(‘rc to 
some extent abstracted. I have hitherto spokt*!! of progrc'ss in such, ti‘rms 
that the critic would have some excuse for (diarging me* with narrowness of 
vision. Progress is not summed up in im})rov(*nu‘nts in ])roductivt^ nudhods 
which reduce the cost of things, nor in tlu'st^ improvt*ments combined with 
the application to production of ideas which nmder work pleasanter ami 
more educative. Nor is it wholly, or in bulk, summed up t'ven if we add 
improvements in distribution (resulting in a more satisfying sharing of 
wealth) and a greater responsiveness of ])r<jdu(d-ion to tlu* iK‘t*ds of the com- 
munity. The essentials of wliat most of us ix'ally nnch'i’stand by progress 
are to be found only in the world of consciousness in flu* s|)iritual con- 
stituents of the universe. I mean what we <‘.annot t*xa<d]y <l(dine if we are. 
not philosophers — and hardly then-— but something implying 4 i full living, 
‘ Marshall, Pi'inoi^?le$ of Bcmwmm, 5th ed., p. 000 
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with understanding of life and its surroundings, including its ethics, and 
a living with volitional powers strong enough to enable us to follow our 
lights. As all this is actually, though vaguely, desired in some degree by 
humanity generally, it is no doubt covered by the satisfactions measured in 
demand, but the admission of its reflection on one plane cannot be regarded 
as its adequate inclusion in our social philosophy. The most im- 
portant aspect of the question of the length of the working day consists in 
its relation to the most intimate constituents of progress. '^Let us call 
progress in this sense ‘ culture ’—a term perhaps the best of the single terms 
available to convey my meaning. Now the world appears to be so designed 
that culture has on the whole a proportionately important place in the 
most primitive economic conditions. The hours of labour in such conditions 
may be long, but work is not so continuously absorbing that social inter- 
course during work is impossible, while variety of experience, contact with 
nature, and the calls made on initiative, afford that intimacy with life as 
a whole, and that evocation of moral forces, which must be obtained in 
later stages of civilisation largely through systematic education and books. 
I have argued above that each step in civilisation brings intensified 
specialism. Work is by no means rendered non-cultiiral ultimately, but its 
cultural aspects are specialised, as are its objective aspects. Interest may 
be deepened on the whole, but it is no longer diffused ; the need for thought 
and purpose may be no less than before, but the thought and purpose are of 
a confined character. The intensification of economic life which is implied 
is in itself all to the good, but the community must lose something of 
culture unless corresponding with this intensification there is an expansion 
of leisure and a specialised use of leisure for the purposes of culture. 
Certain expressions which, have come into common use would seem to be 
significant of the needs and dangers of an industrial society highly advanced 
on the teclinical side. Thus we speak of the ‘cultured’ classes and the 
‘ leisured ’ classes. For the attainment of culture, leisure is essential to-day 
as it was not iii the iiast in quite the same sense, ‘ culture ’ being broadly 
defnie<l. I need not say that a ‘ progress ’ which meant the ‘ spkialising 
out ’ of leisure for the sole enjoyment of one class would not commend itself 
to any reasonable person ; and I do not discern any danger of ‘ progress ’ of 
this sort ; but there is some danger lest the growing importance of leisure 
generally, and of a proper use of leisure, should not be fully realised. 
Tangible things force themselves upon our attention as the more intangible 
do not, and some of us who have an economic bent of mind get into the 
way, in consequence, of thinking too much of the quantity of external 
wealth prcKhK’e<l ainl too little of tlie balance between internal and external 
wealth. Ill ultimate terms, to those who care to put it that way, all 
wealth is life, as lluskin insisted. There hardly appears to be any risk of 
a general underrating of extenial goods, but there is some risk of an 
uiuliTrating of the iu‘w needs of the life lived outside the hours devoted to 
prodiKition ■ which should themselves be, not a sacrifice to real living, but 
a part of it and of an umh'rratiiig of the dependence even of productive 
advam*<‘ n])oii ihe widt‘S]>r(‘a<l enjoyment and proper use of adequate leisure 
and an a<le(]uait‘ incom(‘. 


NOTE. 

The argument in Ihe more technical parts of this address, concerned with 
the det(‘rniiuatiou of th<‘ hmgtli of the working day, may be conveniently 
summarised wiih thi^ ai<l of the following figure. In order to avoid the 
complexities arising from the redistribution of labour between the industries 
of a country, suppose that only one industry exists. Measure units of ti 
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in the working clay along 0 X, and units of money along 0 Y. Consider 
first the unbroken lines, which represent the influences governing employers. 
The cuiwe P expresses the long-period variations with the length of the 
working day of the marginal -value of a fixed quantity of labour : the 
opinion that these can be represented by a curve has been <Iefended in the 
body of this address. If 0 n hours are worked daily, the daily value of 
labour and the wage will ultimately he 0 n <1 a ; if 0 h htnirs are worked, 
this value and wage rises to Oh a; if Op. hours ar‘e worke<l, it falls to 
0 h a — h e f. The meaning of the curve P will now bt' j)lain. The nirve is 
supposed to rise in the first instance because increasing ihe daily hours of 
labour would at first raise the level of t'fliciency, and if it did not the 
larger wage would. But P must begin to fall at s<nni‘ and eventually 

cross 0 X, as is demonstrated in the body of the addivss. Actually, <>f 
course, P could not start at OY, becaiist^ a man wlnni i^ngagiMl for otil'y a 


Y 



frac ion of lus time ( ally coul.l not live on tlio pn«-c..,ls of his ivork l,„( il 
has been so drawn in lie figures to enable us to pietuiv the value au!l w II . „ 
labour by the aiva between the curve 1> aiiil the eieordi nates 

file curve c h represents the immediate variations of the iiono!,,.,! 
value of a fixed quantity of labour with i • ' i ' 

the assumption tLt till m.nnal wo*«ng aj f 

ax /lypotlmt 0 h a c must eounl O h n tp i ^ •' ' ' " /• 

to 0 Ahe produc/wiU at Sfe I’l "mu. ,n ' /‘f ' lb 't '‘'If'";'"'"’ 

gradual decline it will sink to 0 ha — 6 c/. ‘ '' '* 
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The influences guiding the operatives are expressed in the dotted lines, 
the meaning of which must now be explained. Draw any vertical line d I 
to the left of h. Then d nis the addition made in the long run to the money 
inconie of the operative when the 0 nth increment of time is added to the 
working day. Let d m be the long-period value to the operative, when his 
income is O ii d a, of the leisure destroyed by the addition of the 0 nth 
increment of _ time to the_ working day." The" curve I is the locns of the 
point m . Evidently, starting at r/, it will lie throughout its length below P, 
increasingly departing from P (because leisure is subject to the law of 
diminishing utility and the value of leisure rises with income), and cut 
0 X to the left of 1). Apart from the satisfaction or dissatisfaction of 
working, therefore, the far-sighted operative who took into account the 
value of leisure would choose a normal day 0 i, which is less than 0 h (tlie 
clioice of far-sighted employers in combination). When the normal day is 
O / the marginal value of leisure to an operative with a wage .0 i h a wmild 
be 1 h, which equals the long-period marginal earnings attributable to the 
0 /th increment of time in the working day. Now, let L indicate the long- 
pcu’iod valiK's to the operative cd the effects of different lengths of working 
<lay on the absolute satisfaction or dissatisfaction involved in the labo'nr 
itself, L being otherwise interpreted as I, wlien units of money are measured 
along Y' as well as along OY", and the parts of the curve below OX 
imlicate the prices which would be paid to escape the dissatisfaction in- 
volved in working, and the parts above OX the money value of the satis- 
fjiction involved in working. As some of the time devoted to production 
will 'probably be pleasant to the operative when the length of working day 
is most favourable to bis enjoyment of work, we may assume that L need 
n(^t lie throughout its length below OX. Then the working day 'which 
})erf(H'd.ly wise operatives would choose would be 0 n, the point n being such 
that n m = n ?, the attainment of which ec|uation is the condition under 
which the f>i)ei'ativ('’s satisfaction is maximised. If, as is theoretically 
conceivable but practically impossible, L lay further above 0 X for the 
abscissa, 0 h than I lay below it, the length of day most advantageous to the 
<)])erative would be greater than 0 h. 

f f normal hours ai'e 0 a, the operative who lives for the day, and is aware 
i.bat more work, imuisured by results, means proportionally more pay, may 
]k‘ exp(H't(‘d i,o desire hours longer than 0 n for the following reasons. The 
prtKluct .attributable to the 0 /ith increment of working time is greater than 
d •}!, .sinc(‘ d n ri'p resents the gain resulting from the 0 flth increment of 
working ilnie, b'ss the h^ss occasione<l by ihe reduction which will uJimafely 
talo' pla<‘e in 1b(‘ productivity of the operative’s earlier hours in conse- 
(pienee of ibe addilimi of the 0 nth increment of time to the working day. 
For sitnilar ri'<‘isons the short-period or immediate value of leisure may be 
less than <1 m. Again, ihe money measure of the disutility of the O ntli 
ineriuiunit of working time is less than nl, because 1 measures the dis- 
ulilifv of ibe last fraction (d iime worked, together with the disutility 
which resulis from tlu' fact that the Oath increment of working time 
(liniinislu's capacity in earlier hours to enjoy labour or sustain fatigue. It 
is, Ihoivforc', practically eiutain tliat the operative will experience a balance 
of gain from the w<n‘king of ihe 0 nth unit of time, when wages, the value of 
h'isun' and ihe finling’ involved in the work, ar(‘, all taken into account, 
whilt* effects on tlu' gain or loss a.ssociated with the rest of the working day 
a,iv ignored ; and, further, it is practically certain that a balance of gain 
will continue to result directly from the work of the 0 nth unit of time if 
ih(‘ working day Ix' slightly increased, though this balance might bo expected 
t;o coni.ract! 1 lence wx‘ must conchido that opeivatives who arc not alive to the 
reactions <,if long hours on (‘fBchmcy and capacity to enjoy life and work will 
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tend to choose a longer working day than is wise from their point of view. 
However, to repeat, they will not approve such long hours as employers who 
are equally blind to future reactions, because the latter, if purely self- 
interested, make no allowance for the disutility of labour to the operative or 
the utility to him of leisure. 

In the event of progress in methods of production the new position of P 
would be such that the area enclosed between it and the co-ordinate axes 
would be increased. P in its new position might cut 0 X at h, but in all 
probability the new intersection with 0 X would be to the left of h. It is 
not likely to fall to the right of h, since improvements in the mechanical 
aids of labour seldom mean that work is renderetl less exhausting. Even if 
the new curve P passed through I, the new position of I would practically 
mean its intersection with 0 X to the left of ? because of the enhance<l value 
of leisure. Further, L, though it might rise higher than befoi’o would 
probably descend sooner and at least as steeply. It is to be observed in ad- 
dition that but for interest, rent, and heavy depreciation charges, industrial 
progress would bring about movements of P involving more consi<l(‘rablo 
augmentation of the area contained between P and the co-ordinate axes. 
Improved education, apart from its effect on efficiency, would l)ring about 
a subsidence of the curve I, so that in its new positioii it W(mld cut 0 X to 
the left of i. The effect wrought by progress on short-period forces imed m^t 
be worked out in detail. The general conclnsion is manifest that progre.ss 
may be expected to be accompanied by a progressive curtailment of the 
working day. 
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On the present occasion, when the meetings of the British Association for 
the Advancement of Science are held in the heart of this great Dominion, 
it is natural that the proceedings of Section G. (Engineering) should be 
largely concerned with the consideration of great engineering enterprises by 
means of which the resources of Canada have been and are being developed 
and the needs of its rapidly increasing population met. It will not be 
inappropriate, therefore, if the Presidential Address is mainly devoted to 
an illustration of the close connection which exists between the work of civil 
engineers and the foundation as well as the development of British Colonies 
and Dominions beyond the seas. 

British colonies and possessions have started from the sea-front and have 
gradually pushed inland. Apart from maritime enterprise, therefore, and 
the possession of shipping, the British Empire could never have been 
created. An old English toast, once familiar but which has of late years 
unfortunately fallen into comparative desuetude, wished success to ‘ Ships, 
Colonies and Commerce.’ A great truth lies behind the phrase : these three 
interests are interdependent, and their prosperity means much for both the 
Mother Country and its offspring. As colonies have been multiplied, their 
rosoui\*es developed, and their populations increased, over-sea commerce 
between them and the Mother Country has been enlarged ; greater demands 
have been made upon shipping for the over-sea transport of passengers, 
produce and manufactures ; there has been a growing necessity for free and 
uninterrupted communication between widely-scattered portions of the 
Empire, the maintenance of which has depended primarily and still depends 
on the possession of a supreme war-fleet, under whose protection peaceful 
operations of the mercantile marine can proceed in safety, unchecked by 
foreign interference, but ever ready to meet foreign competition. 

Now that our colonies have become the homes of new nations it is as 
true as ever that the maintenance of British supremacy at sea in both the 
mercantile marine and the war-fleet is essential to the continued existence 
and prosperity of the Empire. The trackless ocean supplies the cheapest 
and most convenient means of transport and intercommunication; con- 
tinuous improvements in shipbuilding and marine engineering have 
abridged distances and given to sea-passages a regularity and certainty 
fonmo'ly unknown. It is a literal fact that in the British Empire the ‘ seas 
but join the nations they divide.’ Every triumph of engineering draws 
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estimated by competent authorities that the railways under construction, 
and projects for extensions likely to be carried into effect in the immediate 
future reached a total of at least 10,000 miles, while probable further 
extensions of about 3,500 miles were under consideration. Further, it was 
estimated that the capital expenditure required to complete these schemes 
would be about 60 millions sterling. These figures may need amendment, 
but there are others representing ascertained facts which equally well 
illustrate the magnitude of the railway interests of the Dominion.^ The 
total capital invested in Canadian railways in 1907 was officially reported 
to be about 234,390,000?. ; the aid given to railways up to that date by 
Dominion and Provincial Governments, and by municipalities, consider- 
ably exceeded 36,000,000?. sterling in money ; the land grants from the 
Dominion Government approached 32 million acres, while the Provincial 
Governments of Quebec, British Columbia, New Brunswick, and Nova 
Scotia had granted about 20-^- million acres. The Governments have also 
guaranteed the bonds of railway companies to the extent of many millions 
of dollars. The capitalisation per mile of railway lines owned by the 
Governments (amounting to 1,890 miles) is reported as being 11,400?. ; this 
is practically the same amount as that for Indian railways, tliat for the 
United States being 13,600?., and for New South Wales and Vie.toria about 
12,600?. For British railways the figure given is 54,700?. per mile. Tlie 
freight carried by Canadian railways in 1907 amounted to nearly 
63,900,000 tons (of 2,000 lbs,), which included about 14,000,000 tons of 
coal and coke, nearly 4,500,000 tons of ores and mim'rals, 10,250,000 tons 
of lumber and other forest products, nearly 7,900,000 tons of manufactures, 
and 2,309,000 tons of merchandise. In 1875, when 4,800 mih‘s of railway 
were in operation, the corresponding freight-tonnage was 5,670,000 tons ; 
so that while the length of railway increased nearly’ 4. 7 times, the tonna'm 
increased nearly 11.3 times. During the same period passengto's increased 
from 5,190,000 to 32,137,000. For twenty-eight railways making returns 
the average revenue per passenger per mile was 2.232 c(‘nts. tuiil f<ir the 
four principal railways was 2.07 cents. For freight fifty-nine railways 
showed an average rate of 2.328 cents per ton-mile ; and for the five princi- 
pal railways it was .702 cent per ton-mile. The average distance travel U>d 
by a passenger was 64 miles, the corresponding figure for tlu> t'nited »Statt^S“ 
being 30.3 miles. The average distance a ton of freight w’as luiuled wa.s 
183 miles, as against 132 miles for the United States. " In Canada, a.s i ho 
official reporter remarks, there is a small amount of suburhnii railway 
traffic and a low density of population. The following table is taken 
from the official Canadian Railway Stati.stics for 1907 : 
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Canada lias therefore the highest mileage measured against population, 
and the lowest against territory. 

The earliest great railway system of Canada, the Grand Trunk, had 
its beginnings in 1845 ; in 1907 it was working about 3,600 miles within 
the Dominion. In association with the Government it is now engaged on 
the construction of the Grand Trunk Pacific Line, which will cross the 
Continent wholly in Canadian territory, and have a length of 3,600 miles, 
exclusive of branches. 

The story of the Canadian Pacific Railway is well known, and need not 
be repeated ; the influence which its existence and working have had upon 
the prosperity of the Dominion has been enormous and beneficial since its 
opening in 1885, and experience of its effect has led to the promotion of 
other Trans-Continental lines. In June 1907 the total length in operation 
was nearly 9,000 miles, and the company owned in addition great lines of 
steamships employed on Atlantic and Pacific services. 

The Canadian Northern Railway system represents one of the most 
striking examples of recent railway development in the Dominion. In 
1907 it was working nearly 2,600 miles in the North-Western provinces, 
about 150 miles in Ontario, 500 miles in the Province of Quebec, and 
430 miles in Nova Scotia and Gape Breton, making a total of nearly 
3,700 miles. In 1908 its mileage on the main system was reported to have 
increased to nearly 3,400 miles, and the total length in operation had 
become 4,800 miles. The North-Western Provinces have given substantial 
assistance to this great system, and its promoters are said to aim at a com- 
plete Trans-Continental route, as well as the development of railway com- 
munication to Hudson’s Bay and the establishment of a line of steamships 
’therefrom to Great Britain. 

Besides these three great railway organisations, which in 1907 con- 
trolled about 75 per cent, of the mileage in operation, there are a large 
number of smaller companies, making up a total of about 80. Their 
total earnings in 1907 amounted to 29,350, OOOZ., the total working expenses 
being 20,750,0001. Earnings from freight service were (in round figures) 
19,000,OOOL ; from passenger service 7,837,0001. ; from express services 
655,000L ; from mails 325, OOOZ. , the balance coming from miscellaneous 
items. The total number of persons employed by the railways was 124,000 ; 
their salaries and wages amounted to 11, 760, OOOZ. It was officially esti- 
mated that if to the railway employes were added persons employed in 
factories for rolling stock and railway materials, as well as those engaged 
in the casual service and shipping, with an allowance for their families, 

‘ quite 25 per cent, of the population win their daily bread from the carry- 
ing trade’ of the Dominion. 

The equipment of the Canadian railways in 1907 included 3,504 loco- 
motives, 3,642 passenger cars, and 113,614 freight cars. In the opinion 
of the official reporter on railway statistics, based chiefly on a comparison 
of the proportion of rolling stock to mileage in Canada and the United 
States, a considerable increase of rolling stock is required, and there is a 
possibility of greater efficiency being obtained in the utilisation of existing 
freight cars. The manufacturing resources of the Dominion axe declared 
to be fully capable of meeting all requirements, as in 1907 they produced 
227 locomotives, 397 passenger cars, and 13,350 freight cars. A reduction 
of grades and curvatures has been carried out on the principal railways 
in recent years, and this has permitted the hauling of heavier loads. It is 
estimated that in 1907 the average earnings per ton of freight hauled were 
$1,472, and the average earnings per passenger carried were $1,219. The 
earnings per train mile were $1,953, and the working expenses $1,381. 
The total earnings per mile of railway were $6,535.64, and the working 
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expenses were $4,620.9. The working expenses were divided as follows in 

the official report : — 

Maintenance of way and structures . . • 20.13 per cent. 

„ equipment . . , . • 30.88 „ 

Conducting transportation ” 

General expenses 3.74 „ 

Allowing two cords of wood fuel to be equal to one ton, 5,609,000 tons of 
fuel— of wliicli 5,578,000 tons were co<al— were consumed by Canadian 
railway locomotives in 1907 in running 100,155,000 miles. The total cost 
was about 3,027,600L, equal to 14.59 per cent, of the working expenses. 

From this brief summary of facts some idea may be gained of the rapid 
development of Canadian railways, their immense capital value and traffic, 
and the remarkable influence they have had upon the progress and popula- 
tion of the Dominion. It is a matter for satisfaction that British capital 
and engineering skill have contributed in no small measure to produce thi.s 
development, and it may be hoped that in the future they may render even 
greater service. 

Inland Navigation. 

The most important system of inland navigation which Canada possesses 
is primarily due to the existence of the Great Lakes and the St. Lawivnce 
River ; but the utilisation of these natural advantages and the construction 
of a continuous navigable channel from the sea to the head of Ijake Superior 
is due to the work of engineers. The importance of such a navigable water- 
way leading to the heart of the Dominion was recognised long ago by the 
Government. The first canal is said to have been opened in 1821, and from 
that time onwards the canal system has been developed, but the greatest pro- 
gress has been made during the last forty year's under successivt* Admin isti-a- 
tions. Up to March 31, 1907, the capital expenditure on Canadian canals, 
exclusive of outlay by the Imperial Government, has approached 18,350,000/, 
sterling, of which more than ten millions have been spent on enlargements. 
Besides minor canal systems, many of which are important, a great ‘ trunk 
system ’ of water-transit has been created from Montreal to Port Arthur, at 
the head of Lake Superior, this all-water route being nearly 1,300 miles in 
length, having a minimum depth of water of l4 feet and effecting a 
total vertical rise of about 600 feet from tidal water in the St. 
Lawrence to Lake Superior. In order to effect this rise forty-nine locks 
are provided, most of which are 270 feet long and 45 feet widtN emibling 
vessels 255 feet long to be accommodated. Out of the total huigth of more 
than 1,200 miles only 73-^ miles consist of artificial channels. The Welland 
Canal, connecting Lakes Erie and Ontario — with a total rise from lake to 
lake of 327 feet, effected in twenty-five locks— is 26| miles long. This canal 
dates from 1824 ; its enlargement to present dinnmsions was bt'gun in 1872, 
and occupied fifteen years ; the total expenditae on the. (^anal has been nearly 
five and a-half millions sterling. Another important section of the waterway 
is the Sault Ste. Marie Canal— about 6,000 feet in lengih and from 142 to 
150 feet wide between the pier-ends, with a lock 900 feet long, 60 fet't wide, 
having 20i feet of water over the sills. The difference of level b(dw(‘en Lakes 
Superior and Huron is 18 feet. Commenced in 1888, tho Sault Ste. 
Marie Canal was opened for traffic in 1895, the cost being about 930,000/. 
Like its predecessor on the United States side of St. Mary’s River' the so- 
called ‘'Boo’ Canal afltords free passage for the ships of both countries. In 
1898 about two and three-quarter millions represented the tonnage of v(‘ss(‘ls 
passing through the Canadian Canal, and of this total abotit 403,000 tons 
was in Canadian vessels. In 1907 the total tonnage had riscui to 12,176,000 
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tons, of which 2,288,000 was in Canadian vessels. The Sonlanges Canal is 
fourteen miles long, with a rise of 84 feet effected in four locks. Commenced 
in 1892, it was opened for traffic in 1899, and cost nearly l,4OO,00OL The 
Lachine Canal was commenced in 1821, enlarged in 1843 and 1873, and, as 
completed in 1901, is 8^- miles long, has 45 feet rise, effected in five locks, and 
has cost from first to last about 2,300,0002. 

In the construction of this great waterway many difficult engineering 
problems have been solved, and every modem improvement has been intro- 
duced ; electricity has been utilised in its equipment, both for power and 
lighting, so that navigation can proceed by night as well as by day. For 
the years 1903-7 the canals were declared free of tolls ; but it is estimated 
officially that if tolls on the ordinary scale had been collected the revenue for 
1907 would have exceeded 91,0002. In these five years the water-borne traffic 
of the Dominion increased from 9,204,000 tons in 1903 to 20,544,000 tons in 
1907 ; in the same period the increase in Canadian railway traffic was from 

47.373.000 tons to 63,866,000 tons. The official reporter justly remarks that 
‘ these results are exceedingly encouraging.’ 

It was recognised long ago that the utilisation of the waterways of Canada 
from the Great Lakes to the sea would yield considerable advantages by 
facilitating cheap transport of agricultural products of the fertile regions 
from the great North-West, but the Canadian portions of that territory were 
then regarded as ‘ a great lone land.’ Subsequent developments of the corn- 
growing regions of Canada have emphasised the value of the water route and 
its great potentialities. In his ‘ History of Merchant Shipping ’ (pub- 
lished 1876) Lindsay dwelt upon this point, and foresaw that if the water- 
ways of Canada were made continuously navigable a struggle for supremacy 
in over-sea trade must arise between New York and the Canadian ports of 
Montreal and Quebec. This struggle is now in full force, so far as the grain 
trade is concerned, and it is likely to grow keener. The quantity of grain 
passed down the whole length of the St. Lawrence navigation to Montreal 
increased from about 450,000 tons in 1906 to 685,000 tons in 1907, while the 
quantity carried to Montreal by the Canadian Pacific Railway was about 

387.000 tons for 1906 and 384,000 tons for 1907. On the other hand, the 
quantity carried by canals in the United States to New York fell from 
294,500 tons in 1906 to 230,800 tons in 1907. 

An important addition to the Canadian canal system has been proposed, 
and its execution will probably be undertaken when great works now in pro- 
gress have been completed. This route extends from Georgian Bay on Lake 
Huron to the St. Lawrence, and would utilise Lake Nipissing as well as the 
French and Ottawa rivers. The distance to be traversed would be 450 miles, 
less than that of the present all-water route. On the basis of 
careful surveys it has been estimated that a canal having 20 
feet depth of water could be constructed at a cost of twelve millions sterling, 
upon which capital a reasonable dividend could be paid, even if the charges 
made for transport were one-third less than the lowest rates of freight pos- 
sible on United States routes to New York. It would, of course, be most 
advantageous to have the available depth of water increased from 14 to 20 
feet, thus making possible the employment of larger and deeper draught 
vessels between the Lakes and Montreal. Considerable economies in the 
ratio of working expenses to freight earnings would be effected, break of bulk 
in transit to the .sea would be avoided, and the cost of transport greatly 
reduced. 

The magnitude of the grain trade and its growth may be illustrated by 
the following figures for recent years:— In 1897 the grain cargoes passed 
down the Welland Canal to the ports of Kingston and Prescott numbered 
377 and represented 515,000 tons ; for 1907 the corresponding figures were 
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518 cargoes, weighing 841,000 tons. As to the elevators and mechanical 
appliances for handling economically these huge quantities of grain, notliing 
can be said here, although they involve the solution of many difficult en- 
gineering problems and have been greatly simplified and improved as expe- 
rience has been gained. 

The bulk of the canal traffic, of course, moves eastwards and outwards from 
the interior provinces. For example, of the total quantity of freight 
(1,604,321 tons) passed through the whole length of the Welland Canal in 
1907 about 75 per cent, moved eastwards, and more than 62 per cent, of the 
2,100,000 tons which passed through the St. Lawrence canals moved in the 
same direction. 

Shipping on the Great Lakes. 

Canadian shipping and shipbuilding on the Lakes ha\x^ made con- 
siderable progress in recent years, although they do not rival those of the 
United States. According to authoritative statements thm*c were not twenty 
Canadian steamers engaged in the transport of grain fifteen years ago; 
only three of these were steel-built, and the largest carried only 90,000 
bushels. The total carrying capacity of Canadian grain-carriers at the 
present time has been estimated at ten million bushels, and the capital 
invested in the fleet is said to be about three millions sterling. Between the 
harvest and the close of navigation in winter it is estiniah'd that no less 
than sixty million bushels of grain can be moved from port to port in 
Canadian steamers. 

Many special engineering features liave been introduced into the struc- 
tures and equipment of these Lake grain-carritu's. They are really huge 
steel barges of full form, of uniform cross-sectimi f(.)r a considerable portion 
of their length; and they possess enormous cargo eapatdty, inoderati* engiiu' 
power and speed, with structures of a simple naturt^ which, can Ik' largely 
standardised and made to resemble bridgc-con.strm^tion rather than ordinary 
shipbuilding. They can be built in a short time, the largt^st vesst'ls occupy- 
ing about four months in construction. In this way the cost of const ruction 
is cheapened, but the rates for labour and materials iirevailiug in the Lak<^ 
shipyards are so high relatively to British costs that at prcsiuit these, grain- 
carriers are said to cost about 40 per cent, more (per ton (U‘ad weight 
carried) than the cost of ordinary ‘ tramp ’ sti'amers luiilt in (Jreat Britain. 
'Their holds and hatchways are arranged so as to faidlitate the rapid ship- 
ment and discharge of cargoes. At their ports of call special mechanical 
appliances are provided for dealing with cargot'S, most of whi<*li consist of 
grain, ore, or coal. 

In the design and construction of these cargo-handling ap})Iiances the 
mechanical engineer has displayed great ingenuity, and the results obtained 
in rate of shipment and discharge of cargoes of grain, ore and coal are 
remarkable. Cases are on record where ves.sols carrying 7,000 tons dead 
weight have been loaded in four hours and discharged in ten liours ; more 
than 5,000 tons of ore have been discharged in about four hoiirs. The 
draught of water of the steamers must be kept within moderate^ limits and 
the breadths of the locks are moderate, so that increase in carrying power 
must be chiefly obtained by increase in length ; comsequcntly, as’ individual 
cargoes are increased, a greater number of lifting appliances can bo Imought 
to bear simultaneously, and the rate of loading or discharge can bo main- 
tained or accelerated. 

The season of navigation extends over only seven or eight months in tin' 
year ; consequently, ‘ quick despatch ’ is essential to success. A largo vossed 
of this class has the following approximate dimensions -Length about 600 
feet ; breadth, 58 to 60 feet; depth, 32 feet; draught of water, 19 to 19^ fa't 
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when carrying 10,000 to 11,000 tons of cargo; corresponding displacement, 
16,000 tons. The engines of such a ship develop about 2,000 horse-power, 
and drive her at eleven to twelve statute miles per hour in fair weather. 
The large size and moderate speed result in very economical conditions of 
working, and the freight rates are exceedingly low. From official returns 
it appears that for these dead-weight cargoes the freight per ton mile 
across the Lakes is from .04 to .05 of a penny per ton mile, the correspond- 
ing railway rate being about ten times that amount. The multiplication 
of this type of vessel on the great Lakes is a proof that it satisfactorily 
fulfils the conditions of service. Similar vessels would not be well-adapted 
for ocean work, which demands greater structural strength, different pro- 
portions, and a more liberal equipment ; but shipbuilders generally may 
benefit from a study of the Lake steamers. 

The greater portion of the traffic on the Lakes passes through the ‘ Soo ’ 
canals. The voyages are comparatively short, the average length of the* 
trip being about 840 miles. Consequently, individual vessels make several 
passages during the season when navigation is open, and the total number 
of passages as well as the total aggregate tonnage of the ships reaches very 
high figures. In the season of 1907, for example, when the canals were 
open less than 240 days 20,440 vessels (counting as a vessel each passage), 
with an aggregate registered tonnage exceeding 44 million tons, passed 
through the United States and Canadian canals at, the Soo. The aggre- 
gate freight tonnage carried exceeded 58 million tons; the weight of coal 
approached 11^- million tons ; the iron ore carried weighed 39,600,000 tons ; 
and the grain transported , amounted to 136 million bushels. The con- 
ditions of the Suez Canal are, of course, entirely different, as vessels passing 
through are engaged on long voyages, and individual ships make few 
passages in the year. On the other hand, Suez Canal traffic proceeds un- 
interruptedly throughout the year, while the Soo canals are closed during 
the winter months. Subject to these differences in working conditions, it 
may be of interest to state that in 1907 4,267 vessels of 14,728,000 tons 
13assed through the Suez Canal, and paid transit dues which amounted to 
4,460,0'00/'. ; whereas the passage of the ‘ Soo ’ canals was free. 

The St. Lawrence Ship Channel 

Closely allied with the waterway from Montreal to Lake Superior is the 
improvement of the channel of the St. Lawrence from Montreal to Quebec 
and beyond towards the sea. From the Straits of Belleisle to Montreal the 
distance is 986 miles ; from Quebec to Montreal it is 160 miles. Formerly 
the minimum depth of water between Quebec and Montreal prevented the 
passage of vessels drawing more than 10 to 12 feet during the greater part 
of the season of navigation. In 1826 the question of deepening the river 
channel was raised ; in 1844 the work was begun, but was abandoned three 
years later ; in 1851 it was resumed, and has since been continued. In 
1869 the minimum depth of the channel at low water was increased to 
20 feet, in 1882 it was 26 feet ; in 1888 27-^- feet for 108 miles from Montreal 
to a i 3 oint within tidal influence. A channel having a minimum width of 
450 feet, and 550 to 750 feet wide at the bends, with a minimum depth of 
30 feet was completed in 1906 from Montreal to tide water at Batiscan. 
Certain work remains to be done between this point and Quebec in order 
to complete the project adopted in 1889 and amended in 1906, but it is 
anticipated this will be finished in about four years. Below Quebec the 
(‘hannel is 1,000 feet wide. When once dredged it is stated that the channel 
remains permanent. Accidents in the channel are few. The Superintend- 
ing Engineer in his Report of July 1908 indicates the magnitude of the 
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work done by comparisons with the Suez and Panama Canals, the figures 
standing as follow : — 



Length. 

Miles. 

Minimnm 

depth. 

Feet. 

Minimum breadth. 
Feet, 

Estimated 
excavation. 
Cubic yards. 

Suez Canal . . 

100 


100 (^bottom) 


Panama Canal 

49 

41 

j 200 (minimum) \ 

\ 500 Onaxinium) J 

80,000,000 

St. Lawrence Channel 

to 

o 

30 

) 450 (minimum) | 

\ 1,000 Onaximum) J 

70,000,000 


1 Length of channel requiring improvement demands dredging and excavation 
.over a length of about 70 miles. 

In 1844 the largest vessels navigating the St. La.wrenee iu IVIontrt'al 
were of 500 tons; now the Tirninitvn and Victorian ef the Allan Line 
(12,000 tons), and the Ijccurcntic and Mcijantir uf the White Star Line 
(15,000 tons), proceed to that port, and have made the passage from 
Quebec in less than ten hours. Oi'dinarily this passag(‘ occupies eleven to 
twelve hours, the return passage being made in nine to ten luuirs. 

In the execution of these great works a si)e(ually designed dreilging 
plant, including several types, has been employed, and works about seven 
months in the year; and the rock dredging and blasting in the section 
below Quebec has involved great difficulty. The total amount of rock to 
be removed amounted to 1,700,000 cubic yards, extending over juuirly three' 
miles, and the whole hottom was covered with huge boulders, sonu' of which 
were 30 to 40 tons in weight. These great masses had to be liftc'd before 
blasting and dredging was done. Puring the fiscal year 1907-8 tlu' exptuidi- 
ture on dredging plant and dredging was nearly 132,000f., and 4,832,000 
cubic yards of material were removed. At the (‘lo.se of that yt'ar 56 millions 
of cubic yards out of the estimated total of 70 millions had Ikhui dredgt'd ; 
the length completed to 30 feet minimxim depth was 59 inik's out of 70 miles. 
These facts indicate the advanced condition of the \indertaking and the 
prospect of its completion at an early date. 

In order to secure the safe and continuous navigation of this diannel 
by night as well as by day, under all conditions of w<'ather, during the 
season when the river is open every pn^imution and aid which c'ngimH'ring 
skill and invention can provide has been laid under coiitribution. A 
marine signal service, with telephonic ecpiipment has becui provided ; sub- 
marine bells have been established for use in foggy weather ; a comph'te 
system of buoys and lighting has been installed ; tlu^ chanmd is p(‘riodi- 
cally examined and swept to ensure that there are no ((bstnn'tious ; the 
question of prolongation of the season for navigation by tlu^ use of ice- 
breakers is being studied. The harbour of Montreal has In'en gix'atly 
improved in accommodation and equipment ; and the aggrt'gaft' tonnage 
as well as average size of sea-going vessels using the port havt' bec'n muc'h 
increased. In 1898, 868 such vessels aggregating 1,584,000 tons arilvt'd at 
Montreal; in 1907, 742 vessels aggregating 1,926,000 tons arrived. Of ibe 
latter, 522 vessels aggregating 1,525,000 tons were British. At tlu^ vSt. 
Charles Docks and Wharves, Quebec, in the season of 1907, 235 vi'ssels of 
1,009,000 tons were entered inwards, and 67 vesstds of 249,000 tons outwards, 
the first outward steamer leaving on April 7, and the first oct^an stt'anier 
arriving on April 26. The last arrival from the sea was on Dec('mb(‘r 9, 
and the ice formed in the tidal basin on December 12, 

Still further improvements of the St, Lawrence navigation are now 
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proposed, and the work was commenced in 1907. It is intended to increase 
the depth of the channel to a minimum of 35 feet from the sea to Montreal, 
and the Superintending Engineer reported in 1908 that with certain 
moderate additions to the dredging and steam plant this work could be 
completed in six seasons. The widths and curves of the existing channel 
will not require any important changes as they were designed from the 
first for the largest classes of steamships. When this increased depth has 
been obtained Montreal as a port will have an approach channel compar- 
ing favourably with that of other ports available for Transatlantic trafiic. 
At Southampton the existing depth at low water in the approach channel 
is about 32 feet, and it is proposed to obtain 34 feet. At Liverpool the mini- 
mum depth at low water over the bar and in the approach channel in the 
Mersey is about 28 feet. The Ambrose Channel leading to New York is to 
have 40 feet depth at low water when the works are completed. Ample depth 
of water is of the first importance in the economical working of the largest 
and swiftest ships, and the Canadian Government has been well-advised 
in deciding to carry out the great scheme above described. 

Jfaier-^^ower. 

Canada has unrivalled resources in water-power, and its extent and pos- 
sible utilisation have been made the subject of investigation by engineers for 
many years past. One of the most important memoirs on the subject was 
presented to the Royal Society of Canada in his Presidential Address of 1899 
by Mr. Keefer, C.M.G. In recent times many other engineers have studied 
the subject and carried out important works. Exact knowledge of the total 
power represented by the water-falls and rapids of the Dominion is not 
available, nor can any close estimate be made of the power which may be em- 
ployed hereafter in factories, mills, or industrial processes, because profitable 
employment obviously depends upon commercial considerations, which must 
be governed largely by the localities in which water-power may be found, and 
the cost of works and of transmission of energy to places where it can be 
utilised. It has been estimated that on the line from Lake Superior through 
the chain of lakes and rivers leading to Niagara and thence through the St. 
Lawrence to the sea eleven millions horse-power may be developed.^ Mr. 
Langelier has estimated that in the Province of Quebec the water-power 
aggregates more than eighteen millions horse-power ; other provinces all 
possess large resources of the same kind as yet untouched. The most striking 
example of the utilisation of water-power is that on the Niagara River, which 
the writer had the good fortune to visit in 1904, during his Presidency of 
the Institution of Civil Engineers ; the works on the Canadian side were then 
in full progress, and at a stage which enabled one to realise completely their 
great difficulty and immense scale. The three companies whose works are 
near the Falls on the Canadian side have provided for a total ultimate de- 
velopment of over 400,000 horse-power, and a fourth establishment lower 
down the river, intended chiefly for the use of Hamilton, is to develop 40,000 
horse-power. In the construction of the works, in the electric generating 
plant, the arrangements for transmitting power over long distances, and other 
features of importance remarkable engineering skill and daring have been 
displayed. American capital and enterprise have had much to do with these 
undertakings, as they have with many other important Canadian enterprises ; 
but it may be hoped that British capital will keep its lead and be freely 
employed in the development and utilisation of all the resources of the 
Dominion, including that magnificent asset its water-power. The applica- 

‘ The 2’mes Financial SuffUment, April 2, 1906, contains a valuable article on 
this subject, from which many of the above figures are taken. 
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tions of water-power are already very numerous, inducling not merely the 
creation of electrical energy and its use for lighting and power in towns and 
factories situated at considerable distances from the Falls, but for manufac- 
tures and industrial processes carried on near the Falls. Amongst these 
manufactures, that of aluminium and carbide of cahuum may be mentioned, 
while paper- and pulp-mills and saw-mills constitute important industries. 
Great advances have been made in the transmission of electrical power over 
long distances, and very high pressures are being used. Electric traction on 
railways and tramways also derives its power from tlic same sources, and is 
being rapidly developed. In 1901 there were 553 miles of electric railways, 
and in 1907 815 miles. 

Oversea Trade and Transport. 

It was remarked at the outset that a great truth is embodied in the 
old toast of ‘ Ships, Colonies, and Commerce,’ and the ellicient and econo- 
mical transport of passengers, produce, and manufactured gu(.)(ls between the 
Dominions beyond the Seas and the Mother Country is essential both for the 
development of Colonial resources and for tlie continued prosperity of the 
United Kingdom. The British mercantile marine commands the larger 
portion of the carrying trade of the world ; its earnings constitute a valu- 
able item in the national income ; it forms one of the strtmgest bonds of 
union between the various parts of the Empire. This general statement 
may be illustrated by reference to the over-.soa trade of Canada and to the 
shipping engaged therein. 

The total value of the Imports and Exports of the Dominion in 1898 
was close upon 61 millions sterling; in 1908 it exceeded 130 milli(ms sterling, 
having more than doubled within ten years. During the year ending 
March 31, 1908, the vessels which were entered at ihimnlian ports (hurards 
from the sea) carrying cargoes were classilied as fidlows in the olTuial 
returns : — 


Freij^diii carried. 


Ships. 

Tons register. 

Tons 

weight. 

Tons 

, rneaKureinent. 

Crews. 

British . 2,603 
Canadian. 2,803 
Foreign . 2,878 

: 4,630,266 

718,490 
1,768,541) i 

1,306,822 

202,939 

887,154 

I 254,373 

1 1,449,054 

j 36,618 

165,078 

44,594 

86,293 

Totals . 8,284 

1 7,016,205 i 

2,396,916 

1,740,045 

1 

295,965 

The corresponding figures for ships entered outwanls For 
cargoes were : — 

si‘a I'arrying 



Freight cfl 


Ships. 

Tons register. 

Tons 

weight. 

Tojm 

meimuaaucnt. 


British . 2,533 
Canadian . 3,567 
Foreign . 4,132 

4,258,060 

1,041,053 

2,211,605 

2,706,334 

616,248 

1,464,787 

714,085 

291,480 

538,499 

136,(514 

45,(558 

88,093 

Totals . 10,222 

7,513,618 

4,777,3(59 

1,544,064 



Taking the combined over-sea traliic inwards and outwards, it mnplityed 
18,506 ships of 14,528,000 tons, whose cargoes aggregated 7,174,000 tons 



PRESIDENTIAL ADDRESS. 13 

dead-weight and 3,284,000 measnrement tons, the crews exceeding 576,000 
officers and nien. 

Of the 2,603 British ships entered inwards there came from Great 
Britain 852 ships of 3,392,000 tons, carrying as cargoes over 860,000 tons 
dead-weight and 153,600 tons measurement; while there came from British 
Colonies 399 ships of nearly 381,000 tons, carrying cargoes of 236,000 tons 
dead-weight and 44,000 tons measurement. Of the 2,533 British ships 
entered outwards there proceeded to Great Britain 732 ships of 2,529,000 
tons, carrying cargoes of 1,636,000 tons dead- weight and 509,000 tons 
measurement; while there sailed for British Colonies 648 ships of nearly 

400.000 tons, carrying cargoes of 259,000 tons dead-weight and 76,500 tons 
measurement. 

It will be seen, therefore, that the British ships entered inwards carried 
more than 54 per cent, of the total dead-weight cargoes and Wg per cent, 
of the measurement goods, while foreign ships carried about 37 per cent, 
of the dead-weight and rather more than 2 per cent, of the measurement 
goods. British ships entered outwards carried more than 56 per cent, of 
the total dead-weight, and more than 46 per cent, of the measurement; 
whereas foreign ships carried only about 30 per cent, of the dead-weight, 
and not quite 35 per cent, of the measurement. 

The trade from and to ports in the British Empire amounted to 45 per 
cent, of the grand total dead-weight freight ; and ships carrying the British 
flag — excluding Canadian vessels— carried about 56 per cent, of the grand 
total dead-weight, and nearly 30 per cent, of the measurement goods. In- 
cluding Canadian vessels, the British Empire can claim possession of 67j^ 
per cent, of the total dead-weight trade, and 82-^- per cent, of the measure- 
ment goods. The average tonnage per ship for the British was about 1,700 
tons ; for the Canadian vessels less than 300 tons ; for the foreign ships a 
little more than 900 tons. 

It may be interesting to add a few figures showing the magnitude of 
the coasting trade of the Dominion. In 1908 there arrived and departed 
104,527 steamers aggregating nearly 42,857,000 tons, and 50,710 sailing 
ships aggregating 7,673,000 tons. The sailing ships included nearly 50,200 
small schooners, sloops, barges, canal boats, &c., averaging about 150 tons 
each. The grand totals for the coasting trade were 155,237 ships of 

50.530.000 tons, and of these 151,873 ships of 47,356,000 tons were classed 
as British in the official returns. It will be obvious that great importance 
must attach to every detail of the business involved in carrying on a ship- 
ping trade of the magnitude indicated by the foregoing figures, and still 
more is this the case in regard to the immensely greater transactions of 
British shipping considered as a whole. No pains must be spared in 
] 3 roinuting economy or improving procedure, and even minute savings on 
particular items must be secured, since their aggregate effect may be of 
vast amount. 

Since the introduction of iron for the structures of ships and of steam 
as the ] 3 ropelling power marvellous economies have been effected in the. cost 
of over-sea transport. The chief causes contributing to this result have 
been (1) improvements in steam machinery, leading to p’eat reductions in 
coal consumption, (2) considerable enlargement in the dimensions of ships, 
and (3) the supersession of iron by steel for structures and machinery. It 
is unnecessary, and would be impossible on this occasion, to deal in any 
dcdail with these matters, which have been illustrated repeatedly by many 
writers, including the .speaker. On the other hand, it would be improper 
to leave altogether without illustration the remarkably low cost of sea 
transport under existing conditions, since it has great influence on the 
commerce of the British Empire and of the world. 



14 TRANS ACTIONS OF SECTION G. 

Rates of freight, of course, vary greatly as the conditions of trade and 
the stress of competition change. At the present time these conditions 
remain unfavourable, although it may be hoped that there arc signs of 
improvement, after long and severe depression. It will be preferable, there- 
fore, to give facts for more normal circumstances, such as prevailed live or 
six years ago. Coal was then carried from the Tyne to London (315 miles) 
for 3s. 3d. a ton; to Genoa (2,388 miles)' for 5s. a ton; to Bombay 
(6,358 miles) for 8 s. 6(1. a ton, including Suez Canal dues. The correspond- 
ing rates of freight were .111, .025, and .016 of a penny per ton-mile. 

Grain was brought across the Atlantic for 9d. per quarter in large cargo 
steamers, whereas in former times, when it was carried in small vessels, the 
charge was 9s. . 6 d. Goods wxe carried 6,400 miles ea.stward ad the Suez 
Canal in tramp steamers at an inclusive charge of 25, s’, to 306’. a ton, the 
freight rate averaging about .05 of a penny per ton-mile. It was esiimateil 
at that time that the average railway rate per ton-mile in Great Britain 
for cost of transport and delivery of goods was about tliirty times as great ; 
but the moderate distances travelled, local and national taxation, high 
terminal charges, and the immense outlay involved in the construction, 
equipment, and maintenance of railways account for much of the great 
difference in cost of transport. The ocean furnishes a free highway for 
the commerce of the world. 

Economy of fuel-consumption has played a great part in the reduction 
of working expenses in steamships. Fifty years ago from 4 to 5 lbs. of 
coal per indicated horse-power represented good practice in marine engineer- 
ing for screw steamships. At present, with quadruple expansion engines, 
high-steam pressures, and more efficient reciprocating engines from I 4 to 
1 ^' lb. is common practice, aiid better results are clainu'd in some cases. 
A cargo steamer of the tramp type, carrying 6,500 tons dead-weiglit, can 
cover about 265 knots in twenty-four hours in fair weather for a coal con- 
sumption of 27 tons per day, representing an expenditure on fuel of 20/. to 
25/. A larger vessel carrying about 12,000 tuns dead-weiglii, drivcni by 
engines of similar type, would consume about 45 tons in covering the same 
distance at the same speed. This increased economy in fuel })er Itui-mile 
is the result of an increase in dimensions from 365 feet length, 47 h'ct 
breadth, and 24-^ feet draught of water to a length of 470 feet, a breadth 
of 56 feet, and a draught of 27^ feet. The first cost of (Uirgo steanu*rs is 
small in relation to their carrying capacity and possible earnings ; varying, 
cf course, with the current demand for new steamships. In the prestuit 
depressed condition of shipping, about 5/. 10, s. per t(,)ti dead-wtdght is 
named as a current rate ; in busy times the price may be 40 to 45 per cent, 
higher ; even then it is small in prt)portion to earning power. Working 
expenses are kept down also by the use of efficient apjdianceK for 
rapidly shipping or discharging cargoes, and so slu>rteniug the stay of 
ships in port. As an example a case may be numtioiUMl when a sliip of 
12 000 tons dead-weight and 800,000 cubic, feet iuea.su remeiii capjtcily had 
her full cargo discharged at an average rate of 300 tons an liour, a' fresh 
cargo put on board at the rate of 250 tons an hour, and 1,600 tuns of coal 
shipped between 7 a.m. on Monday and noon on tlu^ following I’riday - 
that is, in 101 hours. In another case a cargo weighing 11,000 i-ons was 
discharged in 66 hours. ‘ Quick dispatch ’ in (hulling with cargo is now 
universally recognised as essential, and it has been assertt'd that a saving 
of one day in discharging or loading a tramp steamer when she finds full 
employment may involve an expense equal to 1 per cent, on Iu*r first cost. 

The ‘ intermediate ’ type of steamer— in which largts carrying I’apacity is 
combined with provision for a considerable number of passengers and mode- 
rate speed— is of comparatively recent date, but it has been developed rapidly 
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and is subject to the universal laws to which all classes of shipping conform. 
Increase of size is adopted in order to favour economy in working and greater 
earning power, while increase in speed is made in some cases. Vessels like the 
Adriatic or Baltic of the White Star Line, the Carmania and Caronia of the 
Cunard Line, and the George Washington of the Hamburg- American Line 
illustrate this statement ; while its latest and greatest examples are found in 
the two steamers now building for the White Star Line by Messrs. Har- 
land and Wolff, which are said to be of 45,000 tons, to be intended to steam 
twenty to twenty-one knots, to provide accommodation for a great number of 
passengers, and to have large capacity for cargoes. In mail and passenger 
steamers of the highest speed increase in dimensions is devoted chiefly to 
provision for more powerful propelling apparatus and for a correspondingly 
large quantity of fuel, and the cargo-carrying capacity is relatively small ; 
but the law of increase in size and cost is obeyed, and will be followed up to 
the limit which may be fixed by the vast outlay necessary in order to provide 
suitable harbours and dock accommodation with an adequate depth of water, 
or by commercial considerations and the possibility of securing a suitable 
return on the large capital expenditure. Growth in dimensions of ships will 
not be determined by the naval architect and marine engineer finding it 
impossible to go further, for there are even now in view possibilities of 
further progress if the shipowner so desires. Invention and improvement 
have not reached their ultimate limits. 

The wonderful progress made during the last seventy years is well illus- 
trated by the history of shipping trading between Canada and Great Britain, 
and it may be of interest to recall a few of the principal facts. For a long 
period trade and communications were carried on by wood-built sailing 
ships, many of the finest being Canadian built ; but at a very early period 
Canadians had under consideration the use of steamships. One of the first 
steamers to cross the Atlantic was the Boyal William paddle-steamer, built 
near Quebec in 1831. She was 160 feet long, 44 feet broad, of 363 tons burden, 
sailed from Quebec on August 5, 1833, and reached Gravesend on September 
16, a passage of more than forty days, in the course of which sail-po'yyer was 
largely used. Cabot, in 1497, crossed in the good ship Matthew, of 200 tons 
burden, which was probably from 90 to 100 feet in length ; so that three cen- 
turies of progress had not made very great changes in size of the ships em- 
ployed. Wood was still the material of construction, and sails were still 
used as a motive power, although the steam-engine was installed. In 1839 it 
was a Canadian, Samuel Cunard, who secured — in association with two 
British shipowners. Burns and Mclver— the contract for a monthly Trans- 
atlantic service from Liverpool to Halifax and Boston. The four steamers 
built were wood-hulled, driven by paddle-wheels, had good sail-power, and 
were of the following dimensions : 207 feet long, 34-^- feet broad, 1,150 tons 
burden, and about eight knots speed. A rapid passage to Boston then 
occupied about fourteen days. 

Another Canadian enterprise, the Allan Line, started about fifty-six 
years ago. The first steamer built for the company was appropriately named 
the Canadian. At the time of her construction she ranked among the most 
important mercantile steamers in existence, and was quite up to date. Her 
dimensions were : Length, 278 feet ; breadth, 34 feet ; burden, 1,873 tons. 
She had inverted direct-acting engines, driving a screw propeller, and a full 
sail equipment. 

The Trans-atlantic service to New York, as was natural, rapidly sur- 
passed that to Canadian ports, but the latter has been continuously 
improved, and its development has been marked by many notable events. 
For example, the Allan Line was amongst the first to use steel instead of 
iron for hulls, and in their two largest steamers now on service, dating from 
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1903, they were the first to adopt steam turbines for ocean-going ships, 
although their lead of the Cunard Company was not long. Tlie Virginian 
and Victorian are 520 feet long, 60 feet broad, of 10,750 tons, and their 
maximum speed is 18 knots. The Canadian Pacific Kailway authorities 
added shipowning to their great land enterprises at an early period in their 
career by building for the Pacific service in 1891 three important steamers, 
each 456 feet long, 51 feet broad, of 5,950 tons, and 17 knots speed. These 
vessels continue on service, and have done splendid work as a link in the 
' all red ’ route. Since this step was taken the Canadian PacJfi(‘ Railway has 
become possessed of a large fleet of Atlantic steamships, and quite recently 
has placed on the service from Liverpool to Quebec passenger steamships 
nearly 550 feet in length, 66 feet in breadtli, of 14,200 tons, w'ith a maximum 
speed of 20 knots. 

The latest addition to the Canadian service has been made by the White 
Star Line in the form of two steamers, the Laurent ic and Megantie, of 
15,000 tons, 550 feet long, about 67 feet broad, and 17 knoi.s speed. Tn the 
Laiirmf/ic an interesting experiment has bt'en mad<‘ - M(‘ss]‘s. Ilarland A 
Wolff having introduced a combination of reciprocating I'ligiiu's and a low> 
pressure turbine. This system was ])ah‘ntt‘d as hmg ago as 1894 by hlr. 
Charles Parsons, to whom the invention of the niod('rn sU‘am turbitu' and 
its application to marine propulsion are due. Mr. Parsons foix'saw that 
while the tiirbine system wouhl prove su])(‘rior to reci])ro<*aiing engim^s iii 
ships of high speed and with a high rate of revolution, tlume would be a 
possibility of getting better results by combining retd prorating tmgiius with 
low-pressure turbines in ships of comparatively slow spet'd, whtnv a low rate 
of revolution for the screw-propellers was nect'ssary i.o tdllcitmt jn’opulsion. 
His main object, as set forth fifteen years ago, was ‘ to increase the ■|)ower 
obtainable by the expansion of the steam bt^yond tlu* limits possible w'iib 
reciprocating engines,’ and subsequent inve^stigations led hlr. Tbirsons to 
the conclusion that it wbuld be possible to .secure an (H'oiiomy of 15 to 20 ptn* 
cent, by using the combination system as {M)m])ar(Hl wit,b that obiaimihb^ 
with efficient types of reciprocating engines, hlany aUernative arrange- 
ments have been designed for combining recipro(‘ating engiiu‘s with low- 
pressure turbines; that now under trial a.sso(dait‘.s iwin-scr<‘w r«H‘i])ro('ating 
engines, in which the o.xpamsion of the steam is ('arri('d down to a pressun^ 
of 9 to 10 lbs. per square inch when working at Tiiaximutn power, and iluui 
completed to the condenser pressure in a turbiiK^. fl’riph* sen^ws ari^ 
employed, the central screw—clriven by the turbine running at, a bigluu* 
rate of revolution than the side screws, which are drivtm by tlu* r(‘cipr<ic;d iug 
engines. The Laurentic has been but a short time on s(‘rvice, aiul few 
particulars are available of her ])erf()rtnauc(‘s as compared with ’those of her 
sister ship, fitted with reci})ro<‘atiug eugim's. Tt has, how(‘ver, been r(‘p(irle(l 
that the results have proved so satisfactory that the (‘onibination .systt‘m will 
probably be adopted in the two large Wbite Star steanu‘rs of 45,000 tons 
now building at Belfast. This favourable view is fully confirnu*d by flu* 
performances of the Otald, built by Messrs. Denny, of i)umbart<»n, for the 
New Zealand Shipping Company, and (^omi)lett*d last, y(‘ar. That, finn, as 
is well known, have taken a leading part in tin* application of tlu* Pansons 
type of steam turbine to the propulsion of nu'rcantih* and paHS(‘nger 
steamers, and they possess exceptional ex])eri(‘nce as wtdl as s])(*cial fa<dlifies 
for the canal ysis of the results of trials of steamships, baving luH‘n tlu* first 
private firm to establish an experimental tank for t(*s1,ing models of sliips 
and propellers on the model of that designed by Mr. W. Fronde and adtipted 
by the Admiralty. Messrs. Denny have generously placc'd at tlu* disposal 
of their fellow-shipbuilders the principal results obtained on flu* official 
trials and earliest voyages of the Otaldf and hav(* conipaTt*d them with 
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similar results obtained in sister ships fitted with reciprocating engines/ 
The Otdhi is the first completed ship fitted with the combination system 
and subjected to trial on service, and as the successful application of that 
system to cargo steamers and steamers of the intermediate type would result 
in a considerable economy in the cost of oversea transport, it may be of 
interest to give some details of her recorded performance. She 'is 465 feet 
long, about 60 feet broad, and of 7,420 tons (gross). Her dead-weight 
capability is about 9,900 tons on a draught of 27 feet 6 inches, and the 
corresponding displacement (total weight) is 16,500 tons. The vessel was 
designed for a continuous sea-speed of 12 knots when fully laden, and the 
contract provided for a trial speed of 14 knots with 5,000 tons of dead-weight 
on board. The trials were accordingly made at a displacement of about 
11,700 tons. Her installation of boilers is identical with that of her sister 
ship, the reciprocating-engined twin-screw steamer Orari, which is 4 feet 
6 inches shorter than the Otahi, but generally of the same form. On the 
measured mile the Otahi obtained a speed of 15 knots, while the Orari 
reached 14*6 knots. In order to drive the Orari at 15 knots about 12 per 
cent, more horse-power would have been required, and this is a practical 
measure of the superiority of the combination system over the reciprocating 
twin-screw arrangement in the Orari. The total water consumption per 
hour of the Otahi at 15 knots was 6 per cent, less than that of the Orari at 
14*6 knots. If the Otahi also ran at 14*6 knots, the water consumption 
would have been 17 per cent, less than that of the Orari at the same speed. 
On the voyage from Liverpool to New Zealand the Otahi averaged about 
11 knots, which would have required on the measured mile only about 40 per 
cent, of the power developed when running 14' 6 knots. With the ship laden 
more deeply, the average development of power on the voyage was about 
one-half the maximum developed on the measured mile, and this was dis- 
advantageous to economy in the combination. Even in these unfavourable 
conditions the Otahi realised an economy in coal consumption of 8 per cent, 
on the voyage from Liverpool to New Zealand and back as compared with 
her reciprocating-engined sister ship ; this represents a saving of about 
500 tons of coal. Ordinarily the ship would leave England with sufficient 
coal on board for the outward passage, so that 250 tons less coal need be 
carried and a corresponding addition could be made to cargo and freight- 
earning. Probably as experience is gained the actual economy will prove 
greater than that realised on the maiden voyage ; but even as matters stand 
there is a substantial gain, and a prospect of the extended application of 
the steam turbine to vessels of moderate and low speed. In view of results 
already obtained, the New Zealand Shipping Company have decided to 
apply the combination system to another vessel just ordered from Messrs. 
Denny. 

In designing turbine machinery for vessels of moderate or low speed 
there must necessarily be conflicting claims. Eor maximum efficiency in 
steam turbines a high rate of revolution is necessary ; whereas at moderate 
or low speeds it is antagonistic to propeller efficiency to run at this high 
rate of - revolution. Engineers are at present much occupied with the study 
of arrangements by means of which these conflicting claims may be har- 
monised and greater total efficiency of propulsion obtained. Having regard to 
the enormous capital invested in cargo steamers of moderate speed, and the 
importance attaching to their economic working as influencing the cost of 
oversea transport, it will be obvious that it is most desirable to find an 
arrangement in which the high speed of the rotor may be reduced by means 
of some form of gearing or its equivalent, so as to enable the screw shaft and 

’ Sec a Paper by Engineer Commander Wisnom, E.N., in the Proceedings of the 
Institution of E^igineers and Shipbuilders in Scotland for 1909. 
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its propeller to be rim at a speed which will secure inaxiinuni propeller 
eflacieucy. Many proposals have been made, including mechanical gearing 
and hydraulic or electric apparatus for transforming the rate of motion. 
Some of these are actually undergoing experimental trials, and are said to 
have given very promising results. One of the most important trials is that 
undertaken by the Parsons Marine Steam Turbine Company, which has 
purchased a typical tramp steamer, and is carrying out on her a series of 
trials in order first to ascertain accurately what arc the actual conditions 
of steam and coal consumption with the present reciprocating engines, and 
then to ascertain the corresponding facts when those engines liave been 
removed and a steam turbine with its associated gearing has been fitted. It 
is interesting to note in passing that in the earliest days of screw propulsion 
with slow-running engines it was found necessary to adopt gearing in order 
to increase the rate of revolution of the propellers, whereas at present 
interest is centred in the converse operation. Furthermore, if any system 
of gearing-down proves successful it may be anticipated that its application 
will be extended to swift turbine-driven steamships, since it would enable 
good propulsive efficiency to be secured in association with rapidly running 
turbines of smaller size and less weight than have been employed Hitherto. 

The Marme Steam Turhinc. 

The rapid development of the marine steam turbine during the last 
seven years constitutes one of the romances of engineering, and the, mag- 
nitude of the work done and the revolution initiated by Mr. Ciiarlos Farsons 
will be more justly appreciated hereafter than it can bo at present. In some 
quarters there is a tendency to deal critically with details and to disregard 
broader views of the situation as it stands to-day. In May 1909 there were 
273 vessels built and under construction in which steam turbines of the 
Parsons type are employed, the total horse-power being more than three 
and a half millions. In the Royal Navy every new warship, from the 
torpedo-boat up to the largest battleships and axnnoured cruisers, is fitted 
with turbine engines ; and the performances of vesstds which luivt' been 
tested on service have been completely satisfactory, in many instanct's sur- 
passing all records for powers developed and speeds attained. In tlu» war- 
fleets of the world this example is being imitated, although in some cases it 
was at first criticised or condemned. In the imu'cantile marine as a 
whole, while the new system has not made etiual advancts many notable' 
examples can be found of what can be accomplished by its adoption. 
It is now admitted that steam turbines enable higluu* speeds to 
be attained in vessels of given dimensions ; ami in steamers 
built for cross-channel and special services, where high speed is 
essential and coal consumption relativcdy unimportant, turbines 
have already ousted reciprocating engines. For over.st‘a sx'rvit'o and long 
voyages an impression has existed that the coal consumption of turbine- 
engined ships would considerably exceed that of ships driven by triple or 
quadruple expansion reciprocating engines. Critics have dwelt on the 
reticence in regard to actual rates of coal consumption jxrac.tisiHl by ownex's 
of turbine steamships. Naturally there are other reasons for reticence than 
those which would arise if the coal consumption were excessive ; but 
pioneers in the use of turbine machinery may reasonably claim the right of 
non-publication of results of trials in the making of which they have 
incurred large expenditure and taken considerable risks if they think that 
silence is beneficial to their business interests. Even if it were true that 
in the earliest applications of the new system economic results had not 
been obtained equal to those realised in reciprocating engines which have 
been gradually improved during half a century, that circumstance should 
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not be regarded as a bar to acceptance of a type of engine tliat admittedly 
possesses very great advantages in other ways, but should be regarded as 
an incentive to improvements that would secure greater economy of coal. 
The evidence available, however, does not confirm the adverse view, and 
those familiar with the facts do not admit its truth. One example may be 
cited as it affects the Canadian service. In June 1907 it was authoritatively 
stated that in the Allan liner Virginian the reports which had been cir- 
culated respecting the excessive coal consumption were unfounded, that 
the vessel was making passages at speeds of 17^ to 17| knots, as against the 
17 knots estimated, and the rate of coal consumption was really about 1.4 lbs. 
per indicated horse-power which would have been required to attain this 
speed if the vessel had been fitted with reciprocating engines. This result 
compares well with the consumption in ordinary passenger steamers run- 
ning at high speeds in proportion to their dimensions, although in large 
argo steamers and vessels of the intermediate type, working under much 
easier conditions and at very low speeds in proportion to dimensions, lower 
rates of consumption may be obtained. With these latter vessels the fair 
comparison is the combination system and not the pure turbine type which 
is adapted for high speeds. 

The crowning triumph of the marine steam turbine up to the present 
time is to be found in the great Cunard steamships Lusitania and 
Mauretania. The passages made this year by the latter ship since she was 
refitted have been marvellously regular, and the 25 knots average across the 
Atlantic, which was the maximum contemplated- in the agreement between 
the Government and the Cunard Company, has been continuously exceeded. 
As one intimately concerned with the design of the Mauretania, who has 
had large experience in ship design, has made a life-long study of the laws 
of steamship performance, and had the honour of serving on the committee 
which recommended the employment of turbines in these great ships, the 
writer ventures to assert that equal results could not possibly have been 
obtained with reciprocating engines in vessels of the same form and dimen- 
sions. Contrary opinions have been expressed, but they have been either 
based upon incorrect data or have omitted consideration of the fact that 
in vessels of such great engine-power it was necessary to have time to perfect 
the organisation of the staff in order to secure uniform conditions of stoking 
and steam production, and to bring the ‘ human element ’ into a condition 
which would ensure the highest degree of efficiency in working the propelling 
apparatus. This necessity for time and training has been illustrated again 
and again in the case of new types of Transatlantic steamers, including 
some which held the record for speed prior to' the appearance of the 
Gunarders. In the Lusitania and Mauretania the engine-power is fully 
60 per cent, greater than that of their swiftest predecessors, yet no similar 
allowance appears to have been thought necessary by some critics, who 
assumed that performances on the earlier voyages represented the maximum 
capabilities of the vessels. Subsequent events have shown this view to be 
fallacious and have justified the recommendation of the Turbine Com- 
mittee and the action of the Cunard directors. Allegations made in regard 
to excessive coal consumption have also been disproved by experience ; and 
in this respect the anticipations of the committee and of Mr. Parsons have 
been fully realised. 

The marvellous regularity maintained by the Mauretania on a long 
sequence of consecutive Transatlantic passages — made under varying and 
in many cases very adverse conditions of wind, weather, and sea — illustrates 
once more, and on an unprecedented scale, the influence which large dimen- 
sions have upon the power of maintaining speed at sea. Starting from the 
eastward passage, beginning on February 3rd last, and taking twelve 
passages (westward and eastward) which followed, the average 



20 


TRANSACTIOKS OF SECTION G. 


speed fox tlie tliixteeii passages, approaching 40,000 sea miles in length, has 
been 254 knots ; the lowest average speed in the series has been 25*2 knots, 
the hic^hest average speed 25*88 knots. Many of the winter passages in this 
series were made in winter weather against stiong winds and high seas, 
which would have considerably reduced the speed of her predecessors, but 
had small influence on the Mauretania. In many instances delays have been 

caused by fogs. , . . . i 

On seven consecutive passages made since the beginning oi last May the 
average speed of the Mauretania in covering about 20,000 sea-miles has been 
25.68 knots, the minimum speed for the passage having been 25.62 knots 
and the maximum 25.88 knots. On her contract trials, the Mauretania 
maintained an average speed of 26.04 knots for a distance somewhat exceed- 
ing 1,200 knots, the steaming time being rather less than forty-eight hours. 
On the passage when she averaged 25.88 knots, she ran 1,215 knots from noon 
on June 17th to noon on June 19th (about forty-six hours), at an average 
speed of 26.23 knots, and by noon on the 20th had covered 1,817 knots at an 
average speed of 26.18 knots for 69 hours. The ship has, therefore, surpassed 
on service her performance on the contract trial. 

In view of the foregoing facts and of others of a similar nature, it is 
reasonable to assume that as experience is enlarged and information is 
accumulated in regard to forms of propellers likely to prove most efficient 
in association with quick-running turbines, sensibly improved performances 
will be obtained. At present, in comparisons made between the efficiency of 
reciprocating-engined ships and turbine-engined ships, the former have the 
great advantage attaching to long use and extended experiment ; but this 
is not a permanent advantage, and it may be expected that g(.»od as the 
position is to which the marine steam turbine has attaint'd in the brief 
period it has been in practical use, that position will be gradually improved. 
Whether or not other forms of propelling apparatus in tlu'ir turn will 
surpass the steam turbine it would be unwise to predict. Intt'rnal com- 
bustion engines axe regarded in some quarters as dangerous and probably 
successful rivals to steam turbines in the near future. Within certain 
limits of ' size, internal combustion engines no doubt answer admirably ; 
but as dimensions and individual power of the engine's are^ incre'as«‘<l, tlu' 
difficulties to be overcome also rapidly increase, and tlu^ fact is fully 
recognised by those having the best knowledge of those ty[)es c>f prime 
movers. On the whole, therefore, it seems probable that the^ ttirbiiu'. will not 
soon be displaced, whatever may happen eventually. 

An Imperial Nanj. 

Three centuries ago a great English seaman and coloniser wrot(‘ these 
words : — 

‘ Whomsoever commands the sea commands the trade ; 

Whomsoever commands the trade of the world (‘ommauds the riclu's 
of the world, and consequently the world itself.’ 

Ill these words Sir Walter Raleigh clearly expressed the doctrine of ‘sea- 
power,’ which in recent times has been emphasised by Admiral .Mahan of 
the United States Navy and other writers. Twenty years ago wht*n tlu* move- 
ment began which has been followed by an unprecedented series of ship- 
building programmes, great additions to the personnel of the Royal Navy 
and large expenditure on improvements of existing naval base's and the 
creation of others at important strategical points, the same truth was <'x- 
pressed in a report made by three distinguished Admirals, one of whoiu, 
Admiral of the Fleet, Sir Frederick Richards, subsequently became First 
Naval Lord of the Admiralty, and did much to give eff('ct to the policy he 
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had joined in recommending. One passage in this report may be quoted : — 
‘ No other nation has any such interest in the maintenance of an undoubted 
superiority at sea as has England, whose seaboard is her frontier.’ 

‘ England ranks amongst the great powers of the world by virtue of the 
naval position she has acquired in the past, and which has never been 
seriously challenged since the close of the last great war. The defeat of 
her Navy means to her the loss of India and her Colonies, and of her place 
amongst the nations.’ 

The ‘ maintenance of an undoubted superiority at sea ’ in existing cir- 
cumstances and in face of foreign competition is no easy task, and it is 
good to know that the Dominions beyond the Seas are ready to take a share 
of the heavy burden of Empire. In what way effect can best be given to 
this fundamental idea it is not easy to decide. It is necessarily a matter in 
which the views of all concerned must be considered, and a policy determined 
on which shall command hearty support from all portions of the Empire. 
It may be presumed that the arrangement of such a policy has been the 
chief object of this year’s Defence Conference. The decision which may he 
reached and the abtion taken must exercise momentous influence upon the 
destiny of the Empire. Universal approval has been given to the arrange- 
ment for that Conference, and this is a happy augury of its ultimate success 
in framing a satisfactory scheme for the construction and maintenance of an 
Imperial Navy. Many valuable suggestions have been made by British and 
Colonial authorities as to the great lines on which such a scheme should be 
drawn, but this is not the place to enter upon a discussion of the subject. 
It may be permitted, however, as a sequence to the preceding remarks on 
oversea transport, to remark that the protection of trade routes between 
the Mother Country and the Dominions beyond the Seas constitutes an 
essential duty ; in the performance of which duty, especially in portions of 
trade routes adjacent to the Colonies, naval forces maintained by the 
Colonies may render valuable service. Such a policy in no way infringes 
the fundamental condition that supremacy at sea ultimately depends upon 
battle-fleets ; while it recognises the fact, which past struggles have demon- 
strated, that behind and beyond the work of battle fleets lies the need for 
adequate protection of commerce and communications. Moreover, it leaves 
Colonial Governments unfettered in making arrangements for the execution 
of that portion of the general scheme of defence which they may undertake ; 
and there can be no inconvenience or loss from such independent action 
provided the scheme of Imperial defence has been considered as a whole, and 
an understanding reached in regard to the distribution of the work. At 
present the Mother Country alone possesses experience and means of manu- 
facturing warships and armaments ; so that gradual developments, requir- 
ing time and experience, will be necessary before the Colonies can become 
self-supporting in these respects should they desire to do so. On the side of 
personnel and its training also the Royal Navy must be the great school 
for all parts of the Empire. Finally, the full utilisation of Imperial defen- 
sive forces demands the existence of a complete understanding and the pre- 
arrangement of a common plan of campaign. In order to meet this 
essential condition there must be an Imperial staff. 

The burden of naval defence has hitherto been borne almost entirely by 
the Mother Country. What the weight has been is hardly realised until the 
figures for expenditure are examined. As indications of what is involved 
in creating and maintaining a modern navy of the first class, it may be 
mentioned that in the ten financial years of the present century (including 
the current year 1909-10) the total expenditure on the Royal Navy amounts 
to 328 roillions sterling. From 1885 to 1902, during the period the writer 
occupied the position of Director of Naval Construction and Assistant 
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Controllei of the Navy, the total outlay on the 245 ships for the designs of 
which he was responsible, amounted to about 100 millions sterling. The 
stress of foreign competition and the growth in dimensions and cost of war- 
ships is leading to still greater expenditure on the Navy, and it is good to 
hnow that Canada, Australia, New Zealand, and South Africa are ready 
and willing to bear their share of the inevitable burden. 

• All branches of engineering have been and will be drawn upon freely in 
the execution of this great task. Mining and metallurgy assist by the pro- 
duction of materials of construction ; mechanical and electrical engineers 
contribute machines and appliances required in shipyards and entwine 
factories, as well as guns, gun-mountings, and mechanical aj^paratus of all 
kinds required in modern warships in order to supplement and economise 
manual power ; marine engineers design and construct the propelling 
apparatus, and constantly endeavour to ivdiice the proportion of weight 
and space to power developed ; naval architects design and build the ships ; 
constructional engineers are cxmipied in the i)rovislon of docks, harbours! 
and bases adapted to the re(|uirt‘ments of the fleet ; and other branches of 
engineering play important, if less ])r<miiiumt parts. The progress of 
invention and discovery is increasing, rapid changt‘s occur unceasingly, the 
outlay is enormous, the task is never ending, but its performance is essential 
to the continued well-being of the Empire, and it must and will be 
performed. 
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The Influence of Anthropology on the Course of Political Bcience^ 

Anthropology is the Science of Man. Its full task is nothing less than this, 
to observe and record, to classify and interpret, all the activities of all the varieties 
of this species of living being. In the general scheme of knowledge, therefore, 
anthropology holds a double place, according to our own point of view. From 
one standpoint it falls into the position of a department of zoology, or geography ; 
of zoology, since man, considered as a natural species, forms only one small part 
of the animal population of this planet ; of geography, because his reason, con- 
sidered simply as one of the forces which change the face of nature, has, as we shall 
see directly, a range which is almost worldwide. From another point of view 
anthropology itself, in the strictest sense of the word, is seen to embrace and 
include whole sciences such as psychology, sociology, and the rational study of 
art and literature ; since each of these vast departments of knowledge is con- 
cerned solely with a single group of the manifold activities of man. In practice, 
however, a pardonable pride, no less than the weighty fact that man, alone 
among the animals, truly possesses reason, has kept the study of man a little 
aloof from the rest of zoology. Dogmatic scruples have intervened to prevent 
man from ever ranking merely as one of the ‘ forces of nature,’ and have set a 
hard problem of delimitation between historians and geographers. And the 
pardonable modesty of a very young science — ^for modern anthropology is barely 
as old as chemistry — has restrained it from insisting on encyclopaedic claims in 
face of reverend institutions like the sciences of the mind, of statecraft, and of 
taste. 

Yet when I say that anthropology is a young science I mean no more than 
this, that in the unfolding of that full bloom of rational culture, which sprang 
from the seeds of the Renaissance, and of which we are the heirs and trustees, 
anthropology found its place in the sunlight later than most ; and almost alone 
among the sciences can reckon any of its founders among the living. This was 
of course partly an accident of birth and circumstance ; for in the House of 
Wisdom there are many mansions ; a Virchow, a Bastian, or a Tylor might easily 
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have strayed through the gate of knowledge into other fields of work ; Just as 
Locke and Montesquieu only narrowly missed the trail into anthropology. 

But this late adolescence was also mainly the result of causes which we can 
now see. clearly. Man is, most nearly of all living species, the ‘ ubiquitous 
animal’ Anthropology, like meteorology, and like geography itself, gathers its 
date from all longitudes, and almost all latitudes, on this earth. It was necessary 
therefore that the study of man should lag behind the rest of tiic sciences, as 
long as any large masses of mankind remained withdrawn from its view; and 
we have only to remember that Australia and Africa were not. e\'en crossed at 
all— much less explored — by white men, till within living memory, to realise 
what this limitation means. In addition to this, modern W'esteru civilisation, 
when it did at last come into contact with aboriginal ])copIcs in new continents, 
too often came, like the religion which it ])rofes,scd, bringing ‘ not. ])eacc but a 
sword.’ The customs and institutions of alien people have been viewed too 
often, even by reasonable and good men, simply as 'y** beast lie devices of y® 
heathen,’ and the pioneers of our culture, perversely mindful only of the narrower 
creed, that ‘ he that is not with us is against us,’ have set out to civilise savages 
by wrecking the civilisation which they had. 

Before an audience of anthropologists, I need not labour the point that it is 
precisely these two causes, ignorance of many remoter peoples, and reckless 
destruction or disfigurement of some that arc near at hantl which arc still the 
two great obstacles to the progress of our science. But it is no use crying over 
spilt milk, and I turn rather to the positive and (cheering thought tluit the pro- 
gress of anthropology has been ra{)id and sure, in close proportion to tlie spread 
of European intercourse with the natives of distant lands ; and tliat its further 
advance is essentially linked with similar enterprises. 


Anth'opolog'ij and Politico in Ancvnii OtrMe. 

Instances of what I mean are scattered over the whole history of anthropo- 
logy. Philosophy, as we all know, begins in wonder ; it. is the surest w’ay to 
jostle people out of an intellectual groove into new lines of thought, if they can 
be confronted personally and directly with some ohjec?t of that mmuu'ous class 
which seems uncouth only because it is unfamiliar. liie sudden expansion of 
the geographical horizon of the early Greeks, in the s(‘venth and sixth centuries, 
B.C., brought these earliest and keenest of anthroi)ologiHtH face to face with 
peoples who lived for example in a rainless country, or in trees, or who ate 
monkeys, or grandfathers, or called themselves by their motluu’s’ names, or did 
other disconcerting things; and this set them thinking, and comparing, and 
collecting more and more data, from trader and traveller, for an answer to 
perennial problems, alike of their anthropology and of ours- C-an climate alter 
character or change physique, and if so, how ? Does the mode of life or the 
diet of a people affect that peoj^le’s real self, or its value for us ? Is the father, 
as the Greeks believed, or the mother who boro them, the natural owner and 
guardian of children ? Is the Heracles whom they worship in Thasos the same 
god as he whose temple is in Tyre ? Because the Colcliians wear linen, and 
practise circumcision, are they to be regarded as colonists of the J^lgyptians ? 
or can similar customs spring up independently on the Nile and on the Phasis? 
Here, in fact, are all the great problems of modern anthropology, tiling out for 
good and all, as soon as ever human reflective reason found itself face to face 
with the facts of other human societies, even within so limited a region as the old 
Mediterranean world. 

And I would have you note that these old Greek problems, like all the 
supreme problems of science old and new, were not theoretical proiilems merely, 
Bach of them stood in direct relation to life. To take only cases such as I 
quoted Just now from the Bather of History — ^is there, for exam])le, among all the 
various regions and aspects of the world, any real earthly paradise, any delect- 
able country, where without let or hindrance the good man may lead the good 
hfe ? Is there an ideal diet, an ideal social structure, or in general, an ideal 
way of life for men ; or are all the good things of this w'oricl w’holly relative to the 
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persons, the places, and the seasons where they occur ? I do not mean that the 
ancient Greeks ever found out any of these things, for all their searching ; or 
even that all ancient seekers after marvels and travellers’ tales were engaged 
consciously in anthropological research at all. I mean only this : that the 
experiences, and the problems, and the practical end of it all, were as certainly 
present to the minds of men like Herodotus and Hippocrates, as they have been 
in all great scientific work that the world had seen. 

In the . same way it has for some while been clear to me that neither Plato 
nor Aristotle, the great outstanding figures of fourth- century Greece, was con- 
structing theories of human nature entirely in the air. Their conceptions both of 
the ideal state of society, and of the elements which 'were fundamental and 
essential in actual societies as they knew them, were determined to a very large 
extent by their observation of real men in Sparta, Persia, or Scythia. But it is 
also clear that much that had been familiar to the historians of the fifth century, 
and particularly to Herodotus, had fallen out of vogue with the philosophers 
of the fourth. Systematic clearness had been attained only by the sacrifice of 
historic accuracy. Thucydides, in fact, standing right in the parting of the ways 
between history and rhetoric, might fairly have extended his warnings to a dis- 
sociation of history from political philosophy, which was just as imminent. 

Anthropology and the Renaissance. 

At the Kevival of Learning it was the same as in the great days of Greece; . 
New vistas of the world were being opened up by the voyagers ; new types of ' 
men, of modes of life, of societies and states, were discovered and described ; , 
new comparisons were forced upon men by new knowledge crowding thick into . 
their minds ; and new questions, which were nevertheless old as the hills, made • 
eddies and rapids in the swift current of thought, and cried out for an answer. 
Take the central political problems for example : What constitutes the right to - 
govern, and what is the origin of law ? In mediseval Europe this was simple 
enough. The duke, or the king, or the bishop governed by authority of the 
emperor, or the pope ; and pope and emperor ruled (like Edward VII.) ‘ by the 
Grace of God,’ Yet here, in Guinea, in Monomotapa, in Cathay, and in Peru, 
were great absolute monarchies which knew nothing of the pope or the emperor, 
and were mighty hazy about God. Yet their subjects obeyed them, and gave 
good reasons for their obedience, and chief est of their reasons (as in all times and . 
places) was this : ‘ We should be much worse off if we didn’t.’ 

Unsocial Man and the Pre-Social State. 

It would take me very far afield if I were to try to show how this universal 
answer came to change its ground from politics to anthropology, so that to the 
question — ^how men knew that they would be much worse off if they didn’t — the 
answer came, that ‘ once upon a time they had been much worse off, because they 
didn’t.’) For my present purpose it is enough to note that, in all ages, philosophers 
who set out to define the nature of the State, have become involved in speculations 
about its origin ; that historians in their researches into its origin, have beem 
forced into conclusions as to its nature ; and that in both cases every belief about- 
the Nature of the State has been found to involve a belief about a State of Nature? 
an answer of some kind, that is, to the question whether man was originally and 
naturally a social animal, or whether at some early period of his history he 
became social and domestic. In the latter event, how was domestication 
effected, and what sort of thing was undomestioated man ? In the ancient 
_^oiid, after long controversy, Aristotle’s definition of man as the ‘ social 
animal ’ had carried the day, and ruled that question out of court. But at the 
Kevival of Learning, the unnatural behaviour of certain actual societies towards 
their individual members had revived irresistibly the whole question whether 
society was part of the natural order at all, and not a ‘ device of the heathen,’ a 
mistake or a yis aller; and whether, if society was not thus ‘ natural,’ men would 
not really be better off if they returned to their natural, pre-social, unsocial state, 
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and began again at the beginning, to work out their own salvation. This belief 
in a pre-social state played a large part in the political philosophy of the seven- 
teenth and eighteenth centuries ; and conversely it was the very fact that the 
pre-social state as a philosophical conception fell out of vogue at the beginning 
of the nineteenth, which has distinguished modern political philosophy so 
markedly from its predecessors. 

Now it is impossible to compare the successive presentations of the pre-social 
state, without being struck by the widely different content of them. But how 
was it that the conception of a pre-social state of man, whether conceived as a 
period of prehistoric development or as the result of a psychological analysis of 
mankind in society, assumed in different writers such widely different forms, 
and led — as was only natural — to such widely different proposals for the remedy 
of actual grievances ? Why should Hobbes, for example, describe the life of the 
natural man as little better than a hell upon earth, ‘ no arts, no letters, no society ; 
and (which is worst of all) continuall feare, and danger of violent death ; and the 
life of man solitary, poore, nasty, brutish and short ’ ; ‘ no property, no dominion, 
no Mine and Thine distinct, but only that to be every man’s, that he can get ; 
and for so long as he can keep it.’ How comes it that Locke, whatever else he 
may deny his natural man, at all events reserves to every man, even in his first 
‘ Treatise on Government,’ property in his own person, and (as a corollary to 
this) property in the products of his labour, while in his second ‘Treatise’ he con- 
templates also a natural property in agricultural land ? How comes it, again, 
that Montesquieu bases the whole fabric of civilisation upon the timidity of pre- 
social man ; while for Rousseau it is the utter fearlessness of the savage which most 
distinguishes him from the craven members of societies ? Flat contradictions 
of this sort, between thinkers who w'ere almost contemporaries, and who agree 
so closely in the form and system of their reasoning, clearly result not so much 
from any defect of method as from some discrepancy in the data which the 
method was employed to explain. The question, therefore, begins to assume 
another shape : Whence did those political philosophers, whose theories involved 
a state of nature, get their respective data as to the character of natural man ? 

It is common knowledge, of course, as I have hinted already, that each 
thinker’s own view of the nature of society went far to determine his imagination 
of its origin; and that his view of its nature was itself suggested by the political 
stresses of his own time. Hobbes, for example, writing in the middle of the 
Great Rebellion, was searching for a Sovereign, whose mandate should be beyond 
dispute ; Locke, standing in even closer relation to the Revolution of 1688, was 
explicitly replying to the advocates of a Divine Right of Kings, and insisting 
that the Contract is revocable ; Rousseau, confronted with iniquities which 
resulted from an antiquated distribution of privilege, is all for equality and 
.fraternity as the necessary guarantees of liberty. 

But it is possible also to put the sequence in the reverse order, and to make 
the inquiry, how far each thinker’s conclusions as to practical politics resulted 
from his view of the nature of the State ; how far his view of its nature is 
deducible from his beliefs as to its origin ; and how far his beliefs as to the origin 
of society were themselves rendered almost inevitable for him, by the state of 
contemporary knowledge of the more primitive specimens of mankind and of the 
State itself, 


The ‘ Geographic Control ’ of the Eenamance. 

That such a line of reasoning was not foreign to the political thinkers of the 
seventeenth and eighteenth centuries is clear from a variety of considerations. 
In the first place, the whole movement in political philosophy, which is in 
question, stands, like the political events with which its turning points are so 
closely connected in point of time and personality, in the closest relation with a 
larger contemporary movement of scientific inquiry, of which the inquiry into 
the antecedents of society and of man is only one special, departmental, and 
relatively late application. And in the larger sphere, also, a general advance of 
physiographic theory had gone hand-in-hand with active physiographic dis- 
covery. Bacon’s enlargement of current ideas of scientific method stands, as 
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we all know, in the closest historical connection with the discovery of a new 
world by Columbus, and with the new prospects of exploration within the old 
world which were opened by Vasco de Gama. It would therefore be natural 
to expect that Hobbes, for example, should reflect in his ‘Leviathan’ the current 
conceptions of what pre-social man would be Hke, as inferred from the behaviour 
and circumstances of wwsocial man as reported by contemporary voyagers. 

Two great events of this time, in particular, set the study of mankind, no 
less than all the physical sciences, on a new pinnacle of outlook, and challenged 
all the theories of the Greeks and Arabians which had done duty at second- 
hand, to explain the universe, since the great days of Alexandria. First, the 
discovery of the Cape route to the East threw open to European observation vast 
tracts of country and an immense number of societies of men whose fame indeed 
had come down through Pliny and Ptolemy, but whom no one but a few traders 
and missionaries had visited in person, since the Arab and the Turk tore East 
and West asunder and began to keep them so. Then, within the same generation , 
the discovery of America opened up, literally, a new world, wherein (among 
many marvels) one of the things which impressed its explorers most vividly 
and constantly was the presence of varieties of men whose mere existence shook 
Adamite theories of mankind to their foundation ; who utterly failed to conform 
to the traditional requirements of the Flood, and professed inveterate ignorance 
on that subject ; and whose manners and customs — when indeed they seemed 
to have any — betrayed a culture, or a lack of culture, totally unlike anything 
which the old world yielded, even taking into account the barbarous Term 
Nigriiarum which lay between the Canaries and India. 

Thus almost at one gift three new sets of human documents were presented 
to the philosophers of Europe: (I) first-hand knowledge of the famous empires and 
kingdoms of the civilised East, of India, China, and the parts of ‘ India beyond 
the Ganges,’ as the saying was, beyond the desert belt of Asia ; (2) fresh access to 
the black men, south of the desert belt of Africa; (3) the discovery, beyond the 
no less desert ocean, of new and Western ‘ Indies,’ peopled by wFolly un-Indian 
tribes, whose aspect was Tartar rather than Indian or Malay, and whose 
behaviour seemed all the more inexplicable because it differed totally from 
what was expected so surely by the geographers. 

Bodin, 1577 . 

It was long before this mass of new material could be compared and applied 
by the philosophers at home ; but it was collected and recorded with avidity, 
and the insatiable demand for books of travel spread it broadcast, and made it 
sink deep into popular imagination. Still, with all his learning, even Bodin, 
writing in 1577, ‘ Of the Lawes and Customes of a Common Wealth,’ ^ hardly shows, 
by an allusion that he appreciates the new age that has dawned. There is a , 
wonderful chapter, indeed, at the beginning of his fifth book, which is thus, 
entitled : ‘ What order and course is to be taken to apply the form of a Common. 
Wealth to the diversitie of men’s humors, and the meanes how to discover the 
nature and disposition of a people.’ Its contents show clearly what contri- 
bution he hoped to make to the art of statecraft, and also what was to be his, 
method of research, to extract the truth from the mass of conflicting instances*. 
It contains the whole pith and kernel of modern anthropo-geography, and com- 
pletely anticipates the ethnological work of Montesquieu ; but the data upon 
which it is based are with a single exception such as would have been available 
before the fall of Constantinople. His climatic contrasts are based on the 
Ptolemaic geography ; he betrays no knowledge of a habitable south-temperate 
zone, and argues as if the world broke off short at the Sahara. It is only by a 
curious afterthought, which superposes on his classification of environments from 
arctic North to tropic South, a cross-division by grades of culture from civil 
East to barbaric West, that he betrays any hint that his cosmography has been 
disturbed by the new age of exploration, ‘ The Spaniards have observed,’ he 

‘ I quote from the English edition of 1605, * out of the French and Latin copies 
done into English by Richard Knowlles, Author of the Turkish History.’ 
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says, ‘ that the people of Sina (China), the which are farthest Eastward, are the 
most ingenious and courteous people in the world ; and those of Brezill, which 
are farre Westward, the most cruell and barbarous;’ ^ so that East goes with 
South, and West with North, and Bodin’s cultural equator ])egins to lie askew 
between them ; and we should note that the crucial instance here supplied by 
‘ those of Brezill ’ is his single glimpse of Columbian man. 

He has, indeed, full grip of the doctrine of a pre-social state, and of the 
application of inductive proof to support it ; but his instances are exclusively 
derived from classical authors. ' He that would see,’ he says,‘^ ‘ what force 
education, law^es, and customes have to change nature, let him look into the 
people of Germanie, who in the time of Tacitus the Proconsull had neither 
lawes, religion, knowledge, nor any forme of a Commonwealc ; whereas now they 
seeme to exceed other nations in goodlie cities and well peopled ; in arms, 
varieties of arts, and civil discipline.’ A curious exception goes far to establish 
this rule. The only instance which I can recall, in which Bodin refers to an 
event in Negro-land, is where he illustrates the revolt of the Mombottu Negroes 
against the Moors in 1526 (p. 555) ; but this was an event, the news of which 
certainly reached Europe by way of the Morocco ports, not by way of the 
southern’ route, or westward down the Gambia ; it was also one which made 
a great sensation in Europe, and was still a commonjdace of cosmographers 
and moralists a generation later. In illustration of this 1 quote as follows from 
Peter Heylin’s ‘ Microcosmus ’ : ‘The last Moroccan governor, Soui Halin, 
was slaine by Ischia, Anno 1526, and the negroes againe rcco veiled their long 
lost liberty : instituting divers kings, and among others, Ischia was worthily 
made king of Tombutum. After this advancement, he (juickly united many 
of the weaker kingdoms to his owne, which at this day is the greatest of the 
foure in whose hands kingly authority rcmainetli.’ Tliis actual exam})le of a 
‘Leviathan’ in process of construction was thus in text-l)Ook u.se in 1577, a 
generation before the time of Hobbes. 

Bhakespeards Caliban, 

The trend of popular opinion at the end of the sixteenth century, as to the 
characteristics of the state of nature, could hardly bo better illustrated than 
by the Shakespearean conception ot Caliban, ‘solitary, nasty, and l)r'ntish’; 
barely human, in fact, but for his vices ; living ‘ like a bear ’ (as ]\Iontes(pueu 
• so often puts it), grubbing roots, and plundering bees’ nests ; a prey to panic, 
haunted by the spirit of the powder of the air, and iiivstincdively aiqieasing him, 
as savages do, by abstinence, abasement, and offerings. Mr. Hart land lias only 
lately called attention again to the truth of detail with which Caliban is jiort rayed, 
and Mr. Sidney Lee has gone at some length into the <|uestion of his })robu]>lc 
originals. No doubt there is in Caliban a touch of the gorilla pure and simple : 

■ and a touch of the gorilla’s own brother, the ‘ Salvage Man ’ of heraldry and 
mediaeval legend ; Linneeus and Blumenbach, in fact, ipiote w'vcral exam})les 
■of such ‘ wild men of the woods ’ who had been captured in various }>arts of 
Europe, and described in books before Shakespeare’s time. Ihii a|Hirt from 
his pake-up—which, in the Globe Theatre (as at Her Majesty’s), was mainly 
to tickle the gallery — Caliban is certainly neither ape nor idiot. has his own 
code of conduct (when he can bring himself to conform to if); he knows when 
he has done wrong ; and in his treatment of his invaders, of his small belongings, 
and in particular of his island property, he corresponds too dowdy with the 
current sixteenth century descriptions of the feckless, passionate ‘ child of 
nature ’ to be set down as anything else but an exi^criment in the portrayal of 
natural man. ^ And if we once view Caliban from this standpoint, it becomes 
almost incredible that ho should have preceded Hobbes’ sk(dch of the state 
of nature by nearly half a century, unless Hobbes’ portrait itself was based 
upon a type already widely current, and generally accepted in ])opular belief. 

^ Loe, cit. English Ed., 1605, p. 662. 

^ Ihid. p. 665. 

® I quote the Oxford edition of 1636, p. 722. 
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Edioard Grimstone^ 1615 . 

I come now to a work of which I would gladly have further information. 
It: is entitled ‘ The Estates, Empires, and Principallities of the World ’ ; it was 
published in London in 1615, and it is described as having been ‘ translated 
out of the French by Edward Grimstone,’ doubtless the translator of Joseph 
Acosta (1604) and Jean Eran§ois Le Petit (1608). I introduce this work here 
for three reasons. It contains a fuller application of what I shall best summarise 
as Baconian methods to political science, than is easily to be found elsewhere. 
It shows very clearly that by this time the new discoveries were already being 
applied systematically to philosophical ends. And it illustrates a remarkable 
series of coincidences of discovery which in less than a generation were to have 
a profound effect on European thought. 

The treatise consists of a collection of studies of human societies — avvqyjj.evai 
TToXirelai, as Aristotle used to call them — which professes to be complete. ■ Its 
title-page, engraved by ‘ Ben. Elstracke,’ is of a cosmographic type which descends, 
for example, into the title-page of Heylin’s ‘ JVIicrocosmus ’ a generation later ; 
but which is seen here in its pristine glory. Four female figures, emblematic of 
Europe, Asia, Africa, and America, advance to do homage to James L, who sits 
enthroned, as he sits on Bodley’s Tower in Oxford ; and below are four posed 
warriors, in the weapons of their countries. America is represented by an obvious 
Aztec warrior in a peaked cap and coat of mail ; but of the four women, America 
alone is nude : even Africa is partially draped in a mantle. The distinction 
is significant, for though Europe, Asia, and Africa all contribute to the contents 
of the book, America provides no example of a constitution at all : if it had 
;any human inhabitants, they were, for Edward Grimstone, in a ‘pre-spcjal 
:state.’ 

A few examples will illustrate sufficiently Grimstone’s style and method, his 
lattitude towards the new and the older learning, and his obvious debt to Bodin 
;and to contemporary geographers. His preface censures alike the mere oom- 
iplacent patriots ‘ so farre in love with themselves as they esteeme nothing else, 
and think that whatsoever fortune hath set without the compasse of their power 
and government, should also be banished from their knowledge ’ ; and the mere 
politicians who ‘ remain so tied to the consideration of their ovme Commonweale 
,as they affect nothing else, carrying themselves as parties of that imperfect 
bodie, whereas in their curiositie they should behave themselves as members 
lof this world.’ ‘ But there are others,’ he goes on— and here his lash falls on the 
rigidly classical humanists of his own day — ‘ which lie grovelling in the dust 
of their studies, searching out with the sciences the actions and manners of the 
Ancient, not respecting the Moderne, and they seeme so to admire the dead, as 
they have no care for the living.’ What the classicists lack, he goes on to explain, 
as the ^ Science or knowledge of the World,’ a good part of which knowledge ‘is 
comprehended in the discourse of this book.’ And so ‘ although my chief 
■desseigne was to deal onely with politicke and civile matters,, yet to the end 
they might find all together, and not be forced to seeke for the description of 
•countries whose custome I represent, I have made the corographie,’ which in 
the next generation Peter Heylin defines as the ‘ exact description of some 
Kingdom, Countrie, or particular Province of the same.’ But after describing 
thus ‘ all that the countrie yeields and the beasts that naturally live there and 
have their breeding,’ he adds ‘ yet all this were little . . if I should not show 
you the man which dwells in evere. countrie, and for whom all those things seem 
to have been made, first in his ancient posture, and with his old customes, either 
.altogether or for the most part abolished, then in his modern habit ... to the 
end that every man may judge which is the better of the two Estates, and make 
use of part of the one and part of the other, haying carefully ballanced the most 
considerable particularities of both.’ He then explains that he must take 
account of their economics, their means of self-defence, and their religion, ‘ whereof 
I have discoursed, to show that it is the feare of some divinitie which maintaines 
people in their duties, makes them obedient to their princes, and diverts them 
much more from all bad desseignes than armes and souldiers which environ and 
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threaten them. I do it also to show that whereas religion wants, of what sort 
soever it be, policie and order fade in like manner, and barbarisme, confusion, 
and rebellion, reign there in a manner continually, whereas they that seise on 
them should presently settle in their rude minds the apprehension of some power 

over all to dispose of things at pleasure.’ 

Here there is certainly a remarkable anticipation of a wcll-knowm passage, 
of the ‘ Leviathan ’ ; only the point of view is different, and the cynicism o£ 
Hobbes is well away. 

Grimstone was well aware that he stood at the opening of a new period of 
discovery. " I protest with trueth that if I have given any ranke or commenda- 
tion to this worke, I will give much more to those that shall labour to make it 
perfect, and that any man may adde something dayly unto it, for that from 
time to time they have more certaine advice from all parts, especially from those, 
countries which have not been much frequented, cither by reason of the distance, 
or for their barbarousnesse.’ For his own part, however, he had dearly done 
his best with the materials which he had. The ‘ Order of all the Estates contained, 
within this booke ’ includes (besides all European states) ‘ the kingdomes of 
Tartary, China, Japan, Pegu, the Great MopI, Calicut, Narsinge, and Persia 
the Turkes Estate in Europe, Africkc and Asia (including the ancient kingdomes. 
of Egypt, Judaea, Arabia, &;c.), the empire of Pres biter John, the Estate of the. 
King of Monomotapa, the realmc of Congo, and the Empire of Morocco’; and 
consequently was very fairly abreast of the travels and compilations of the day- 
His frank confession, therefore, that he knows only this, and wishes to know 
more, coupled with his total neglect of America, suggests Ibat there may be 
real significance in the nude American on his title page ; and that America was 
not regarded as offering any regular constitutions. 

Now it is certainly remarkable that, with the exception of a few European 
republics, all the ‘ Estates, Empires, and Principallities of the World,’ which the 
author thinks worth describing, and in particular all the non-ihiropcan states, 
are personal monarchies of more or ]cs.s ab.solute ty})c : and this from a man 
who is expressly throwing classical and medheval experience to the winds, and. 
setting out to describe men as he finds them. 

Peter lleylin and the Cosmograpltertf. 

Nor is this peculiarity confined to Gvimst one’s treatise. The standard 
English cosmography of the early seventeenth century i.s that of looter Hcylin, 
the learned, witty, and pugnacious chaplain of Archbishop Laud. Its method 
of treatment is closely modelled upon that of Grimstone ; the sequence of topics 
is the same, and there is a good deal of matter common to tlu^ two, though 
Heylin of course is far more oncyclopjodic in his treatment, and irududes many 
regions and ‘ estates ’ which do not occur in Grimstone. Hero, too, with hardly 
an exception, the constitutions wliich are described are despotic; and as in* 
Grimstone, particular attention is given to the brutal kingships of Western and 
Southern Africa. Almost the only exceptions are the case.s where the royal 
power is not yet fully established, and others in which, to the best of Hcylin’s- 
knowledge, there is no settled form of government. 

In fact, if an unprejudiced inquirer were to attem])!, with only the materials- 
available in Heylin’s time, to generalise as to the political evolution of the Old 
World outside Europe, I do not see how he could fail to arrive at the (tonelusiony 
first, that the natural and primitive state of man was, in the words of Hoidies-,, 
‘poor, nasty, and brutish; in continual fearo, and danger of vioIcaU death’;- 
and secondly, that wherever man had emerged from tins })rimiti\'e (tondition 
it had been by submission, more or less voluntary, and more or less by way of a 
pis alter, to an absolute despotism, usually exercised by a single imperial master 
who, like Ischia of Tombutum, had superseded by common consent a number 
of smaller despots. 

Thomas Uohhes. 

Hobbes himself does not often make mention of ethnographic matters. Hi» 
outlook is, of course, primarily political, and his analysis, so far as it is not political^ 
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is psychological. Moreover, he is reticent throughout as to his sources. Now 
and then, however, he does lift the veil, and betrays an interest in the reports of 
travellers, and even a certain dependence on them. 

On the vexed question of the ‘ naturalness ’ of patriarchal rule, on which 
Hobbes differs as violently as usual from the current Aristotelianism, his general 
attitude, though not positively that of an anthropologist, is at all events in 
agreement with the contemporary trend of observation. ‘ When the parents 
are in the State of Nature,’ he says, ‘ the dominion there over the child should 
belong equally to both ; and he be equally subject to both ; which is impossible, 
for no man can obey two Masters.’ In civilised states, he goes on, the law decides 
whether the father’s claim or the mother’s shall prevail ; ‘ but the question lyeth 
now in the state of mere nature; where there are supposed no lawes of 
matrimony; no lawes for the education of children; but the Law of Nature, and 
the natural inclination of the Sexes one to another, and to their children.’ ' If 
there be no contract,’ he adds, ‘ the dominion is in the mother,’ and this for the 
same obvious reason as Heylin had given already for female sovereignty in 
Borneo. '■ 

It may be admitted at once that Hobbes’ normal attitude of opposition to 
the Aristotelian tradition is such that the mere fact that Aristotle had laid down 
that ‘ the father is naturally in authority over the sons ’ may be held sufficient 
reason why Hobbes should decide for the Matriarchate. But it is certainly an 
instructive coincidence— and for my own part I am inclined to regard it as more 
—that the first great groups of matriarchal folk to be studied in any detail were 
precisely in areas now being thrown open by the discoverers : Southern India, 
Negro Africa, and North America ; so that, at this period, matriarchal institu- 
tions, which had so long been treated as evidence of human depravity, or, at best, 
as curiosities and antiquities, were being rehabilitated for the first time in 
European thought as a practical scheme of society. Heylin had even generalised 
already that female kingships were correlated with tropical climate.*^ Once 
more the circumstances of the age and the general progress of knowdedge w^ere 
forcing on the notice of the philosophers fresh phenomena of a kind which pre- 
cisely fitted the demands of the philosophic situation. 

Most important of all, however, is the direct appeal of Hobbes to the evidence 
of discovery, when he is dealing with the State of Nature itself. ‘ It may per- 
adventure be thought,’ he says,^ ‘ theare was never such a time nor condition of 
warre as this, and I beliebe it was never generally so, over all the wnrld ; hit 
there are many 'places where they live so now. For the savage people in many 
places of America, except the government of small families, the concord whereof 
dependeth on natural lust, have no government at all, and live at this day in 
that brutish manner, as I said before. However, it may be perceived what 
manner of life there would be, if there were no common Power to fear, by the 
manner of life which men that have formerly lived under a peaceful government 
use to degenerate in a civill War.’ Here, clearly, we have Hobbes the psycholo- 
gist and politician supplementing his psychological and political evidence from 
a totally different quarter, and in particular quoting America as the last citadel 
of pre-social man. 

To refer all Governments, as he explicitly does refer them, to the standard of 
Peru or Monomotapa ; to imagine the State as a ‘Leviathan,’ a nightmare, a 
Frankenstein’s monster, tolerable only because without it the life of man had 
been, and would be again, ‘ solitary, poore, nasty, brutish, and short,’ was indeed 
but a partial inference from the life of ‘ natural man,’ as it might have been con- 
structed from evidence which was available even then. But it accords so closely 
with the accidents of contemporary discoveries, and with an actual tone of 
pitiful contempt which had come in fashion among the voyagers themselves, as 
to force the conclusion that Hobbes was really doing his best to state what 
now'adays we should call the ‘ most recent conclusions of anthropologists ’ on a 

^ Heylin, MiorocosumSi Oxford, 1636, p. 830. 

nu. 

Hobbes, Leviathan, ch. 13. 
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matter of practical concern, and that political science owes more than is com- 
monly supposed to this attempt to define and interpret large new facts of human 
nature as the Age of Discoveries revealed them. 


John Loche. 

In the nest generation the connection between physics and politics is even 
more strongly marked. Closely as Locke was allied, in his ]>olitical aspect, to 
the leaders of the English Bevolution, he is still more closely associated vitli 
the first administrators of the Royal Society, and that in more than one depart- 
ment. His ‘ Elements of Natural Bhilosophy ’ renniin to show how near he 
stands to Newton and the physicists ; his medical studies kepti him in close touch 
with the chemists and anatomists, and gave him a rational ])sycliology; and we 
shall see how intimately his psychological niialysia is concerned with liis general 
anthropology. On the other hand, his interest in cx{)k)rntion and i ravel was keen 
and continuous. It peeps out in his ‘ Two Treatises on Govcmmeiii ’ ; it is evident 
in his ‘Essay on the Conduct of the Human Understanding’ ; it is confessed in 
■a striking passage of his ‘ Thoughts concerning Bc'ading and hStudy for a Gentle- 
man ’ ; audit boars remarkable fruit in his Introdiuttion to Chnrchiirs ^ Collection 
-of Voyages,’ published in 1704, which shows him thoroughly actpiainted with 
a wide range of the writers best qualified to inform him of tlie recent discoveries 
in regard to unsophisticated man. 

Thus the case of John Lookc is rather clearer than that of HobIx’S. Here, 
too, though what impresses at the outset is the de}>endenee of his ]>oiiiical theory 
upon the political needs of his time, yet side by side with this we have the same 
intimate connection between his politics and his psychology as is obvious in the 
case of Hobbes, and it is naturally therefore to his psychology tbati I turn first 
for indications of his method of work. And we have not to go far into the 
.'‘Essay concerning Human Understanding’ before we have a good exa!U}>lc of 
what I mean. In the third chapter he is following uj) his contention that there 
are no ‘ innate principles ’ in the mind by an argunumt to the same etTect as 
regards moral, or, as ho calls them, ‘ praelie.al,’ priiuui)les. Virtue is generally 
approved, he says, not because it is innate, Ixit be(;ause it is proiitahle ; nor do 
men’s actions betray any such ‘internal viaieration of tlu‘se rules.’ Even 
conscience, which is usually represented as checking tis for our breaches of them, 
cannot be distinguished, in the mode of its origin, from any other kind of human 
knowledge, and that in many cases it is ‘from ilunr <Hlu(^ution, (tompany, and 
customs of their country’ that men are persuaded that morals are biiuiing on 
them ; ‘ which persuasion, how'cvor got, will serve to set conscituuK^ at work.’ 
Then comes the passage which concerns us now. ‘ Jbit I cannot see how’ any 
men should ever kansgress these moral rules, with cotitidencu^ attd sertmity, w'ere 
they innate and stamped upon their nxinds. Have tluu’e not: been whole nations, 
and those of the most civilised people, among.st whom the exposing of their 
children, and leaving them in the fields to perish by want or wild beasts, has tieen 
the practice, as little condemned or scrupled as' the begetting tluan ?’ '.Fhen 
follows a list, a couple of pages long, of barbarities imxctiseti by the Alingreliaus 
of the Caucasus ; the natives of the interior of Africa ; the’Caribbees of the 
Orinoco ; a people in Peru (who fattened and ate tho (‘liildren of their female 
captives) ; and many others. Among tho Tououpinambos, another Amtaiean 
tribe, ‘ the virtues whereby they believed they merited l^aradise w<‘re revenge 
and eating abundance of enemies ; they have not so mueb as a nnnu‘ fin* tJod, 
and have no religion, no W'orship.’ Among tho ''J’urk.s ‘ th<‘ saints who arc 
canonised lead lives which one cannot with modesty relate.’ ‘ Me that will 
carefully peruse the history of mankind,’ he concludes, ‘‘ and look abroad into the 
several tHbes of men, and with indilToronco survey their actions, will be able to 
satisfy himself that there is scarce that principle of morality to be naimsl, or 
rule of virtue to be thought on (those only excepted that are ai>solutely necessary 
to hold society together, which commonly, too, are negUaded, betwixt, ifisiimit 
societies), which is not, somewhere or other, slighted and condemned by the 
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general fashion of 'W'hole societies of men, governed by practical opinions and 
I'ules of living quite opposite to others.’ 

Here, clearly, Locke claims to support, if not to found, his generalisation as to 
the nature of the human mind on a comparison of specific varieties of human 
(behaviour. At the same time he makes definite exception of those principles 
•which, as he says, ‘ are absolutely necessary to hold society together,’ and these 
he is apparently inclined to regard either as actually innate or at all events as a 
higher order of universality than the ordinary principles of morals. It is the 
beginning of a deep distinction in anthropological theory, which bears fruit, 
long after, in Bastian’s distinction between Universal and Racial Ideas. ^ 

There are other passages in the ‘ Essay ’ in which the same argument is used, 
drawn from observation of actual savages. In Chapter IV., for example, he gives 
;a long list of tribes whose members are devoid of the idea of God. ‘ Besides the 
•atheists taken notice of among the ancients, and left branded upon the records 
■of history, hath not navigation discovered, in these later ages, whole nations at 
the Bay of Soldania (in South Africa), in Brazil, in Boranday, and in the Caribbee 
Islands, &c., amongst whom there was to be found no mention of a God, no 
religion ? ’ He goes on to quote further evidence as to the Caiaquas of Paraguay, 
the ‘ Siamites ’ (which ‘ will I doubt not be a surprise to others, as it was to me ’), 
;and the Chinese. His authorities in this passage are ample : Sir Thomas Hoe, 
the hard-headed English ambassador to the Great Mogul, and his French editor, 
Thevenot ; de Choisy, for Siam ; La Loubke, for Siam and China ; Navarette 
and the Jesuit Relations, for China ; Ovington, for Surat ; Martiniere, de Lery, 
and Nicholas del Techo. For South Africa, of course, he quotes Terry, and 
through Terry, the educated Hottentot Coore or Courwee, who came to England 
for a time, and of whom Heylin, too, has a quaint story to tell. And these are 
no mere gleanings from other people’s fields. Few of Locke’s contemporaries 
had a better right to an opinion in the department of knowledge which now W€t 
should call anthropology, and which formed already a principal department of 
geography. And he had the highest opinion of its importance, for in his 
‘ Thoughts concerning Reading and Study for a Gentleman he recommends a 
list of original books of travel which occupies more than a page. His o’?^’n reading 
was enormous, and set him wholly free of compendia like those of Heylin and Moll, 
which indeed he could compare and criticise as an expert. By a comparison of 
the libraries of Christ Church, of the Bodleian, and of the Royal Society, it is easy 
to verify the general conclusion that if the English gentleman, as Locke feared, 
did not think it worth while to bestow much pains on geography, it w^as not for 
want of available books or of examples of distinguished publicists who were also 
good geographers. And this is of some importance to my general thesis, for it 
•shows that in Locke’s time still, as in the days of Hobbes and before, inductive 
•anthropology and inductive politics were greatly in the air and were being 
studied together j and consequently that political philosopher, no less than a 
psychologist, was addressing a public wliich knew about savages and expected 
a thinker to take account of them. 

It is time now to turn to the ‘Two Treatises on Government.’ Their form 
was, of course, mainly dictated by that of Sir Robert Filmer’s ‘ Patriarcha, or 
the Natural Power of Kings,’ in which the patriarchal theory of society, main- 
tained with a thoroughness which would have delighted Aristotle, anticipates 
almost verbally the orthodox criticism which was levelled two centuries later 
at Maclennan and Lewis Morgan. Filmer’s attitude in fact is exactly that of 
the Aristotelian and classicist thinkers castigated by Edward Grimstone. He 
oan quote Athens, Sparta, Rome, and the Jewish patriarchs ; he is learned 
about Nimrod and Codrus ; but from beginning to end he writes as if America 
and the Cape route to India were still unknown. Locke has arguments enough, 
of a more relevant kind, to bring against Filmer, and makes no direct comment 
upon the narrowness of his experience of mankind ; but implicitly his reply is 
precisely in that form. It is an appeal to experience against authority ; to 
modern discovery in the new worlds beyond the oceans, against traditional 

GemeingeAwnkm and VbllteTgedmhlivn. 
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accounts of ancient societies in the Mediterranean and the Semitic East. To 
refute Eilmer’s claim that Patriarchal rule is natural, he recalls the systematic 
fattening and eating of children by the Peruvians,'- and quotes a long passage 
from de la Vega’s ‘ History of the Vneas.’ On the question of the authority of 
the law over an alien, the ‘ Indian ’ is his typical exam]de. ‘ The legislative 
authority by which they are in force over the subjects of the commonwealth 
hath no power over him. Those who have the supreme power of making laws 
in England, France, or Holland, are, to an Indian; but like the rest of the world- 
men without authority.’ 

Locke himself, indeed, was before long to be confronted with this question iru 
a very practical shape ; for it was he who was deputed to draw uj) a constitution 
for the new settlement of Carolina, the first ihllish settlement which came into 
direct contact with communities of agricultural Kedskins of the Muscogean 
stock, and consequently one of the first to be confronted with any worse problems 
of expropriation than those wliich had lieen desm-ihed by Heylin.'* 

In the very next section ' ho is confronted with another (pit‘stion of miturai 
law on which the experience of the colonists was modifying opinion ])rofonndly. 
‘It is not every compact that jmts an end to the slate of Xsiturc between mcn„ 
but only this one of agreeing together mutualiy to enter into one community 
and make one body politic : otlier promises nml compacts men may make with 
one another, and yet still l)c in the state of Xature. fflu' promises and bargains: 
for truck, &c., between the two men in vSoIdnnia, or lad ween a Suris and an 
Indian in the woods of America arc liinding to tlumi though thiw are perfectly 
in a state of Xature in reference to one another ; for truth and kivping of faith 
belongs to men as men, and not as members of sociidv.’ Hero we have a clear 
anticipation of Montesquieu’s position: ' ‘The law of Xature is naturally founded 
upon this principle, that the various nations ought- to do one anotlier as much 
good as possible in peace, and as little barm as possihk' in war, without 
damage to their true interests. ... All nations havt‘ a law of nations. Even 
the Iroquois, who eat their |)risoncrs, have one. Tlu*y siaul and receive em- 
bassies ; they recognise laws of war and laws of peaci'. The only troulde k 
that this law of nations is not founded on the right })rinciph‘s.' Mont«‘S(juieu, it 
will be observed, recurs hero, like Locke, to the ‘ .Indian in t he wootis of .America ’ ; 
and we shall see presently that there is a historical reason for this prominence of 
the Redskin in such a context. 

One of Locke’s main advances upon the position tak(*n up by Hobbes is in 
his treatment of the Right of Property.'* ‘Though the (‘arth and all inferior 

‘ Ch.157. - dull. Ill 

® Heylin, Mierocosmus, Oxford, 1030, .In adrertm'metif to the roador mietirMwj 
Amerim in general. ‘ He that travelleth in any Part of Anun-ica iujI inhabited by the 
Europeans shall find a world very like to that wo Hvih! in, in or m-ar the timc.s of 
Abraham the Patriarch about throe hundred years after tlic Hood. Tiie lauds lie in 
common to the Natives and all Comers, though .some few .small parcels arc .sown,yi!t the 
Tiller claims no right in them when ho has reaped his crop onc.e. Their Pet t.y Kings 
do indeed frequently sell their kingdoms, but that in eifect i.s only t lat taking Money 
for withdrawing and going further up the (Country, for be i.s sun‘ never to want land 
for his subjects because the country is va.sUy bigger than the Inhubitant.s, who are 
very few in proportion to its greatness and fortility. . . . Hornet Jines whole Nations 
change their Seats, and go at oneo to very distant plaetts, Hunt ing as they go for a 
Subsistance, and they that have come after the first, diseovert^rs liavit found those 
places desolate which the other found full of inhabitants. This will show that we 
have done them no Injury by settling amongst them; wo rather than they being 
the prime Occupants, and they only Hojoiirncrs in the laml : we have hinighl however 
of them the most part of the lands w<i have, and have purchased htth* with our 
Swords, but when they have made war upon us.’ 

Ih ll- ^ JCsprit Loi,% I. iii. 

® Ch. y, 27. Though the ‘Two Treatises on GovtTnment ’ were published simul- 
taneously in 1690, it must be remembered that the first of tlunn was writKoi in reply 
to Filmer’s tract of 1680, and bears evident, marks of earlier compu.sition. It was 
indeed already out of date in 1690; but for our present ])urposc it is this very 
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CToatures be comnion to all men, yet every man has a property in his ovm person 
This nobody has any right to bnt himself. The labour of his body and the work 
of his hands we may say are properly his. ... The fruit or venison which 
nourishes the wild Indian, who knows no enclosure, and is still a tenant in common, 
must be his ; and so his — i.e. a part of him — that another can no longer have any 
right to it before it can do him any good for the support of his life.’ Here Locke’s 
ethnological position becomes clearer still. He is familiar with the hunting and 
berry-eating Redskin of the New England forests ; but he is not yet brought 
into contact with the agricultural communities of the south-east ; and still less 
is he aware of the paradoxical behaviour of the later-discovered Indians of the 
Chaco, where precisely that observance holds of wliich he denies the existence— 
namely, that the actual hunter has no recognised right to his game, and sits out, 
hungry and patient, until the whole of the clan has had its fill. Locke proceeds 
accordingly : ‘ Thus this law of reason makes the deer that Indian’s who hath 

irilled it. It is allowed to be his goods who hath bestowed his labour upon it, 
though before it was the common right of everyone.’ 

His estimate of the agricultural skill of his ‘ Indians ’ was a low one.^ ‘ An 
acre of land that bears here twenty bushels of wheat, and another in America, 
which with the same husbandry would do the like, are without doubt of the 
same natural intrinsic value. But yet the benefit mankind receives from one 
in a year is worth 51., and the other possibly not worth a penny: if all the profit 
an Indian received from it were to be valued and sold here, at least, I may say 
truly, not one thousandth.’ Here again his experience does not extend yet to 
the agricultural communities of Carolina and Georgia : it is the rude husbandry 
of the Iroquois and Algonquins that is typical, for him, of the natural state of 
man. More generally still, when he speaks of the function and use of money, ^ 
he asserts ; ‘ Thus in the beginning, all the world was America, and more so 
than that is now ; for no such thing as money was anywhere known.’ 

His views on the natural estate of matrimony are coloured again from the 
same source. * All the ends of marriage being to be obtained under politic 
government, as well as in the state of Nature, the civil magistrate doth not 
abridge the right or power of either [parent] naturally necessary to those ends ’ ; 
a reflection once more of the many curious compromises between patriarchal 
and matriarchal government in i^erican societies, and particularly among 
the peoples who had partially adopted agriculture — namely, the Southern 
Iroquois and the Eastern Sioux of Virginia. America, as we see from the extract 
lon money, though it is still pear the state of Nature, has in some parts advanced 
Ibeyond it ; but it is still to America that he turns for examples of more purely 
natural conditions : ^ ‘If Josephus Acosta’s word may be taken, he tells us 
that in many parts of America there was no government at all.’ ^ ‘ There are 
great and apparent conjectures,’ says he, ‘ that these men [in Peru] for a long 
time had neither kings nor commonwealths, but lived in troops, as they do this 
day in Elorida — the Cheriquanas, those of Brazil, and many other nations, 
which have no certain kings, but as occasion is offered in peace or war, they 
choose their captains as they please.’ ^ ‘I will not deny,’ he goes on,’ ‘that if w’e 
look back, as far as history will direct us’ — ^he might well have added, as far as 
ethnology is any guide — ‘ towards the original of commonwealths, w^e shall 
generally find them under the government and administration of one man. 
. . . Conformable hereunto, we find the people of America, who (living out of 
the reach of the conquering swords and spreading domination of the two great 
empires of Peru and Mexico) enjoyed their own natural freedom [to elect a 
monarch], though ceteris paribus they commonly prefer the heir of their de- 
ceased king ; yet, if they find him any way weak and incapable, they pass 


circumstance which gives it value as evidence for the growth of Locke’s knowledge 


and thought. 

' § 30. 2 § 43, 

® Again he is quoting Acosta, 
Indies, 1604, L 25. 

’ § 105. 


3 § ^ 9 . § 102 . ® § 102 . 

Kational and Moral Sistory of the last and 
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Rim by and set up the stoutest and bravest man for their ruler.’ Once more 
America supplies the typical instance, and (once more) that part of America 
which best satisfies Locke’s description is among the hunting tribes of the 
Southern Algonquins, with their elective war-path chiefs, and regular deposition 
of the war-lord as soon as his physical force abates. And once more the com- 
parative argument is pressed home, with a hypothesis of the graduation of 
culture from East to West, almost in the manner of Bodin or Thucydides : ‘ Thus 
we see that the kings of the Indians, in America, which is still a pattern, of the first 
ages in Asia and Snrope, whilst the inhalntants were too few for the Country, 
and want of people and money gave no tem])tation to enlarge their possession 
of land, or contest for wider extent of ground, are little more than generals of 
their armies ; and though, they command absolutely in war, yet at home, and 
in time of peace, they exercise very little dominion, and have but a very moderate 
sovereignty ; the resolutions of peace and war being ordinarily either in the 
people or m a council, though the war itself, which admits not of pluralities 
of governors, naturally devolves the command into the king’s sole authority.’ ^ 
Here, at all events, is a quite unmistakable sketcli o.f the characteristic 
diarchies of the warlike tribes on the Appalachian chain and its Atlantic slope — 
Creeks, Cherokees, and the like: a type of constitution quite limited in geo- 
graphical range, and exactly representing in its distribution the outskirts of 
European knowledge in Locke’s day. 

Eohinson Crvsoe 

I made use of Caliban as a popular anticipation of Hobbes ; as a sequel 
to Locke I cannot do better than refer to the savages in ' Robinson Crusoe,’ 
and particularly to Man Fiiday. This again is a composite ])ortrait, the pre- 
dominant features of which come from the })iratieal C'aribs of the Brazilian 
coast, with their dug-out canoes, their simple weapons, their inveterate cannit 
balism. This Carib type represents quite a dilTerent line of observation from 
Locke’s mainly Redskin evidence, and the novelty is the more important, since 
as at the next turn of the wheel Itousseau makes just ns free with this very 
word ‘Carib,’ as Locke had done with his ‘Indian in the forest,’ or ns Mon- 
tesquieu was about to do with his ‘ Iroquois.’ 

So far as any other element besides Carib is recognisable in the savages of 
Defoe — and the portrait, as I have said, is clearly a com|)ositc one — it is another 
eighteenth-century type, the ‘ South Sea Islanders,’ tirst po])uIarised in England 
immediately before the appearance of ‘ Robinson C'rusoe,’ by the discoveries 
of William Dampier,’'^ which were at the same time of great geographical im- 
portance, admirably described, and very widely read. They ligure nq>eaiedly, 
for example, in the footnotes of Montesquieu. 

Blit the point in whicK Defoe’s savages date his book and allect our present 
subject most clearly is in the psychology of Man Friday. In })articntiar the dia- 
logues between Crusoe and his man on such subjects as the existence of Cod, 
and other test questions of the day, are full of learning, and of ingenious, if 
partly humorous, parody of current psychology and of the static of Nature. 
But to develop this subject in detail would require a whole esHa,y to itself. 

French Canada : tSagard and LafUaik 
Oil Frencli tliougbt, meanwhile, as on Englisli, the natives of North America 
had a very definite influence in the seventeenth century, though not quite in tlio 
same way as in England; for the natives whom the Frmicli encounttu’i'd on the- 
St. Lawrence were of a diflerent stock, lived in a diflbrent latitude and climate,, 
and enjoyed a very difterent culture. The French colonists also had come with 
diiFerent predispositions, and were struck by diflerent characters in the order of 
; § 108 . 

, ” D^nipier, A New Voyage roimdilie /y 

u 1719 1697 . It will be remembered that Ibtnrmm Crum appeared 
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things which they invaded. Here, as elsewhere, a foremost place must be given 
to the Jesuit reports ; full and graphic records of native life and custom, which 
were widely read in France, as elsewhere, and have hardly been superseded even 
now. Another book which became classical was that of Gabriel Sagard,^ which 
was well known to Locke, and is recommended by him, and was certainly a 
remarkable study of a barbarous people. 

The full tide, however, of what I may call the Huron and Iroquois mythology 
does not come tilhthe beginning of the next century. Another Jesuit missionary, 
Joseph Lafitau, produced, in 1724, a large work entitled ‘ The Manners of the 
American Savages, compared with the manners of the First Ages.’® Lafitau had 
only been five years in Canada himself; but he had the acquaintance of Julien 
Gamier, who had been in the mission field for sixty years, and spoke Algonquin, 
Huron, and all the five dialects of Iroquois. Lafitau’s personal experience was 
mainly among the Iroquois ; he did not, however, confine himself to the Kedskins 
of French Canada ; he ranged as far as the Eskimo and the Peruvians, and put 
together an immense amount of information. For all his protestations to the 
contrary, Lafitau starts with a theory. H have not been satisfied to understand 
the character of the savages, and to make myself acquainted with their customs 
and practices. I have searched among these customs and these practices for 
traces of the most distant antiquity ; I have read with care those of the most 
ancient writers who have treated of the manners, laws, and usages of the peoples 
with whom they had some acquaintance ; I have compared these manners with, 
one another, and I confess that while the ancient writers have given me lights on. 
which to base some lucky guesses concerning the savages, the customs of the 
savages have given me light to understand more easily, and to explain many 
things which are in the ancient authors.’ He regards the Odyssey, for example,, 
as a collection of sketches of primitive peoples, strung together on the thread of 
an interrupted voyage from Troy, but having as their object to recommend the. 
study of ethnology. Manners, moreover, are to be studied to form— perhaps even 
to reform — manners, and also to reform people’s ideas. ‘ I have seen,’ for example,, 
he says, ‘ with extreme pain, in the majority of the Relations, that those who 
have written of the manners of barbarous nations have depicted them as people 
who have no religious feelings, no knowledge of God, no object of worship ; as 
people who have neither laws nor administration nor forms of government ; in a 
word, as men who have little human about them except their faces. ... I 
know ’ (he goes on) ‘ that in these latter days people have wanted to shake the 
proof of the unanimous agreement of the nations to recognise a Deity, as if this 
unanimous agreement could possibly be a mistake. But the sophisms and 
subtleties of some individual who has no religion, or whose religion is highly 
suspect, cannot shatter a truth which has been recognised by the Pagans them- 
selves, which has been received from all time without contradiction, and which 
we can assume as an axiom.’ 

Having said that it is an axiom, Lafitau proceeds rather inconsistently to* 
declare it his task to prove this unanimity of opinion among all nations, by 
showing that there is in fact no one so barbarous as not to have a religion and not 
to have morals. LAnd I flatter myself that I make the matter so obvious that ncv 
one can doubt it, unless he wishes to be blind in the midst of light.’ ^ He has a 
long chapter, also, on their form of government, again with one eye upon Locke. 

‘ Of all the forms of government, that which has seemed to me most curious is that 
of the Hurons and the Iroquois, because it is most like that of the ancient 
Cretans and Lacedemonians, who had themselves preserved the longest the laws 
and usages which they received from the first ages of the world. Though this 
oligarchic form of government is peculiar to them, the manner of dealing with 
business is pretty general in all the states of barbarous nations ; the nature of the 
business almost the same, as well as their public assemblies, their feasts and their 

' Grand Voyage au pays des Hurons. Paris, 1632. 

® Joseph Lafitau, Moeurs des Sauvages Ameriguains comparees anx Moeiirs des 
premers Temps. 2 vols. Paris, 1724. 

® Lafitau, i. p. 20. 
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dances.’ His conviction tliat human nature is tlie same all the world over 
comes out again later on A ‘ The time which I spent^ among the Iroquois has 
tempted me to describe their manners in greater detail, because I know them 
better and am more confident of what I assert. Nevertheless one may say that 
the manners of the natives in general are pretty much alike.’ 

“We are- here already in the middle of a reaction, on the one band, against 
Locke’s disproof of innate ideas, and, on the other, agaimst the belief that the 
savages of the New World represent, in any essential, a lower stage of culture than 
is to be traced in survivals in classical antiquity.^ In fact, we are on the straight 
road to the noble savage as we get him in Pope’s Hlssay on Man’ (173d), which 
uses Lafitau freely. But we are also very much further still on the road to a 
synthetic ethnology. Locke had pointed the way, in his Thucy didean comparison 
of the modern Indian kings to the ‘most ancient kings of Europe,’ by which, 
presumably, he meant the llomeric Monarchy. When, therefore, the finst curiosity 
and wonder began to subside, and the real similarity in the performances of human 
reason under similar circumstances began to be perceived, the foundations began 
to be laid for a fresh statement of the characteristics of nou-.socdal man. Whether 
the synthesis was to have a psychological or hi.storical content was still a matter 
of uncertainty ; but, in spite of all hi.s eccentricitie.s, I think we may count Lafitau 
as a pioneer of a new line of work. ’Ibis at least he had of the pi(>JU‘er ; his hook 
succeeded and was much talked of ; he certainly infiueuced Pope and his English 
contemporaries, and in France he prepared the way for the decisive intervention 
of Montesquieu. 

Montei^qidm. 

It is easy to examine in similar detail the sources for the ethnology of Montes- 
quieu, who had of course a very wide range of reading, and evidently made good 
use of his English acquaintances, and his connection with the Loyal Society, to 
keep himself well posted in current English exploration. He (|Uotea Dumpier and 
the‘Lettres Edifiantes’ repeatedly; together with IFyde’-s ‘Persia,’ Chardin’s 
‘ Persia,’ Pyrard’s ‘Turkey,’ Bernier’s ‘ Kashmire,’ Perrys ‘Russia,’ 8mith’.s 
‘ Guinea,' Kaempfer’s ‘Japan,’ and a number of other ex])lorers ; and he lias the 
immense merit that he rises altogether supiu-ior to the current cunt about Oaribs 
and Hnrons. I doubt whether either name occurs more than onci* or twice 
throughout the ‘ Esprit des Lois.’ Montesquieu also goes far more nearly back to 
the geographical standpoint of Bodin than any of hi.s firedecessors or contempor- 
.■aries.^ If he does not, in fact, take rank as oiu‘. of the founders of synthetic 
■ethnology, it is because, like his groat predeces.sor, he was inclined to overrate the 
influence of physical environment, and to neglect the human factor of racial 
momentum. But it is still for the future to show whether it i.s .Monte8([uieuor 
the ethnologists who are in the right. 

(Man, as a physical being, is governed’ for Montescpiitni ‘like other material 
bodies, by invariable laws. As a rational being he is constantly breaking the 
laws which God has established, and changing those whiehhe e.stablishes himstdf.’ 
He is made, that is, for a life in mieti/, ‘ But before all these law.H are those of 
nature, so called because they are derived solely from the (ujustitution of our 
being.^ To understand them rightly we must consider what man was hefor<‘ the 
establishment of societies. The laws of nutuni will be tho.se which he would 
■ obey in such a condition. Such a man would at tinst only be .s«msible of his 
weakness. His timidity would be extreme, and if w'e need t»xperience of that, 
there have actually been fo\md ‘wild men ’ in the forests : they are afraid of, and 
run awav from, everything^. In this condition, each one fiad.s hi.s own inferiority; 
.at best, if at all, he feels himself an equal. He would never therefore attempt to 
attack, and peace would be the first law of nature.’ At this point Mtmtestputni 
quotes ‘ Wild Peter,’ to whom we must return before long, as a recent and 
notorious example of this kind of natural man. From this .standpoint, Iu‘ got*.s 
on to attack Hobbes’ idea of a natural man, aggressive and domineering, and 

J Lafitau, i. p. 25. 

‘ See particularly Book XIY. Of Zam intlwir relathn miili tlw nature of the 
Uvnate, where ms geographical learning is most displayed. 
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concludes that, just as fear drives men to fly, so signs of mutual fear would soon 
tempt_ tliem to draw neper ; not to mention the natural pleasure which any animal 
takes in the society of its kind. His four ' laws of nature,’ therefore, are (1) the 
sense of weakness ; (2) the sense of hunger and desire to satisfy it ; (3) the sense 
of mutual support ; (4) the natural need of society in the sense of mere acq^uaint- 
ance. This last alone is purely human. 

It will he seen at once that three of these are concerned merely with the 
maintenance of an animal life, and that so far, Montesq^uieu is arguing on the 
lines of a purely zoological psychology. It will also be dear that in the fourth 
^ law of nature ’ he is either begging the question that man is a social animal, or 
else he is appealing to experience of actual human societies. 

Montesq^uieu does not leave us long in doubt which is to be his line of 
argument. In the very next chapter he argues that, ' as soon as men are in 
association they lose the feeling of weakness ; the equality which existed 
between them ceases, and the state of war begins. Each separate society comes 
to feel its strength, and this produces a state of war of nation against nation.’ 
For there must be different peoples. This last point, however, he does not attempt 
to prove. 

Therefore there arise laws, in the relations in which these nations stand to one 
another; and these are the ‘Law of Nations’ — ^the Jus Gentium. ‘ All peoples 
have a law of nations. JEim the Iroquois^ who eat their prisoners, have one. 
They send and accept embassies, they recognise laws of war and laws of peace. 
The only trouble is that this law of nations is not founded on the right 
principles.’ 

Here then, as was by this time inevitable for a Frenchman, Montesquieu is 
once more face to face with the Iroquois. Their ‘ law of nations,’ it is true, * is 
not founded on the right principles ’ ; but a law of nature they have got ; and 
this is his proof that there is a law of nature. But clearly he only proves this 
if we are to assume that the Iroquois are in the state of nature ; or at any rate 
so near to it as to be a fair sample of what human behaviour would be, 
untrammelled by any positive or non-natural law. 

Montesquieu, therefore, like his predecessors, not only takes full account of 
recorded observations of barbarous peoples, but is directly and specifically guided 
in his argument by the ‘ last new thing’ in current anthropology, the Iroquois of 
French Canada, as revealed by Lafitaii in 1724. 

Rousseau. 

Kousseau, I need hardly say, remains something of a puzzle. Like his pre- 
decessors, he comes at the subject of the State of Nature, in the first instance, as a 
reformer and a political philosopher ; and I am bound to say that it is only in 
proportion as he feels the need of illustration, and realises that his whole“base is 
hypothetical, that he is driven back upon ethnology as an ornament of style and 
as a makeshift for proof. Unlike bis predecessors, however, he cannot be given 
credit for great learning on the point at issue, and he frankly admits as much 
‘As we know so little of Nature and agree so ill as to the meaning of the word 
Law, it w’ould be difficult to settle on a good definition of the Law of Nature.’ 
There was, however, a good deal known about ‘Nature ’ in 1753 which was not 
in Housseau’s philosophy. Yet he had clearly read travels, as everyone did in 
those days, and he reproduces a few details as to the qualities and customs of 
savages. 

He quotes Peron’s‘ Voyages aux Terres Australes ’ for the comparative strength 
of Europeans and Tasmanians, and illustrates sensory acuity from Hottentots 
and Eedskins ; but his favourite type is the Carib, whom we have already met in 
discussing Defoe. It is the ‘Carib of Venezuela’ who shows such surprising 
skill in tackling wild animals; it is, too, ‘the inhabitant of the banks of the 
Orinoco,’ who learned the use of ‘ those boards which he applies to the temples of 
his children, and which assure to them at least part of their natural idiocy and 
happiness.’ It is the ‘Carib’ again who ‘sells his cotton mattress in the morning 
and comes with tears in the evening to buy it back, for lack of foresight that he 
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was going to want it for tie coming niglit,’ and wliose happiness is, nevertheless^ 
so (Quaintly compared with that of a European Minister of State. There is a 
curiously Amazonian flavour, meanwhile, about Rousseau’s sketch of the primitive 
family. ' ‘ The most ancient of all societies, and the most nearly natural, is that 
of the family. But even here the children do not stay bound to the parent anv 
longer than they need him for their own maintenance. As soon as this need 
ceases, the natural tie dissolves. The children, released from the obedience 
which they owed to the father, the father released from the care which he owed 
to the children, all return equally to independence. This common liberty is a 
consequence of human nature.’ "Such an analysis is, of course, only true in fact 
under the conditions of a tropical forest. Nowhere else does the family tie break 
down in the way Rousseau describes; and nowhere was this type of social 
anarchy more open to study than in the equatorial forests of South America. 

AVhence did Rousseau acquire his conception of the Oarib ? The most obvious 
source would be the 17th volume of the Ahh6 Pre vest’s ‘ Histoire Genm*ale des 
Voyages,’ which contains a full summary of the ^Origin, Character, and Customs’ 
of the Caribs, and a narrative of European colonisation of the Antilles ; but this 
volume does not seem to have been published till 1761. KaynaTs ‘Histoire 
Philosophique et Politique des Estahlissements et dii Commerce des Eiiropeens 
dans les deux Indes,’ published in Geneva in 1781, is also too late ; but Raynal in 
particular had a wide acquaintance, and his ideas were current in French society 
long before his hook came out ; so we are probably safe in crediting Rousseau 
with at all events a gossiping acquaintance with a type of savagery which was 
enjoying a considerable vogue in Ins time. 

‘ Wild Peter J 

Both Rousseau and Montesquieu w^ere, of course, also in a position to enjoy 
the perplexities of the advocates and assailants of the doctrine of innate ideas 
when a real live specimen of Homo sapiem forui^ turned up in the Hanoverian 
forests in the year 1724. The story of ‘ Wild I'eter’ Is jjrohahly familiar reading, 
but though the literature which this poor creature provoked is in parts diverting 
both to the anthropologist and to the philosopher, 1 should encumber mv story 
unduly if I digressed. Montesquieu, having been in England and having his 
friends in London, has not very much to say; but Rousseau gives ‘ Wild Peter’ 
a long note, and w^as evidently considerably impressed. 

TJie South Sea Islanders. 

Rousseau wrote just too early to bo able to make use of \vhat must, have 
appeared to his contemporaries a remarkable conlirmation of his view of the State 
of Nature— namely, the discovery by Cook, Bougainville, and La Iku'ouse of the 
Polynesian Islanders. But this discovery, coming as it did so closely after 
Rousseau’s manifesto, and so markedly conlirming certain phases of his sketch, 
seems to have attracted some attention and to have been given more than its 
due weight. For it came, at all events to the public mind, as tin' revelation of 
a new type of Man and Society, still more remote from contact wit h tlu‘ nifnleni 
world even than the Carib and the Iroquois, still more likely therefore to have 
withstood the attacks of reason, if not of time, and conseqmmt ly to luivi* preserved 
some traces of the original State. The South Seas liad, of couVs(‘, betui traversed 
cursorily since the days of Magellan; Dampier had done much to make their 
natives known ; and I have indicated the share which his work may have had in 
forming the portrait of Man Friday. But it was not till after thti publication of 
Rousseau’s ‘Discourse ’ that the significance of these data was appreciattal ; and 
ethnology owes much in this instance to philosophy for the impulse wdiich was 
given in the generation which^ follows to the study of ‘ Pacilie Man ’, in more 
^nses than one ; though I think the debt is in part repaid wlum wi' si.'u what 
Herder owes to ethnology. 

1 Pacific Islanders, of course, with their Garden of Eden e.vistencc, chal- 
lenged all preconceived notions of the defective mentality of race.s rmuote from 
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Europe, _ and effected an almost Coperniean revolution intlie self-centred ethnology 
of tRe discoverers. If a SoutR Sea Islander like Omai could pick up Englisk, play 
chess, and behave like a gentleman after a few months’ consort with Europeans,, 
there could not be much amiss with his ^mind’ ; and it was clearly time to amendL 
current conceptions as to the identity of the primitive with the remote. 

George Forster, for example, who wrote the first really philosophical account 
of the voyages of Captain Cook, with whom his father had sailed as one of the- 
chief naturalists of the Expedition, was completely convinced by his experiences- 
that the Biblical record was true after all, and that the primitive state of man 
was a state of innocence and happiness. It was a reaction against the ideas of 
Hobbes, Locke, and Montesquieu, which went far beyond what was contemplated 
even by Rousseau, and it did more to retard the progress both of anthropology and 
of general biology than anything else in that century. 

So long as the sentimental enthusiasm aroused by Rousseau persisted, there- 
was little hope 'of advance in the direction of a solid khnology. But in England 
the contagion was slighter, the contact with the facts of exploration closer, and 
the reaction earlier ; and Germany too was already well awake, with Herder,, 
almost before the Revolution was ablaze. 

‘ I take this opportunity,’ writes Chamisso, who had himself been in the- 
Pacific in 1815-18,^ ‘ to protest most vigorously against the term savage in its. 
application to the Soutli Sea Islanders. I prefer, so far as I can, to connect 
definite ideas to the words which I use. A savage for me is the man who in the- 
absence of fixed abode, agriculture, and domestic animals, knows no form of 
property but his weapons, with which he maintains himself by the chase.. 
Wherever the South Sea Islanders can be accused of corruption of morals, this, 
seems to me to bear indication not of savagery but of over-civilisation. The- 
varioiis inventions, coinage, writing, and the like, which are appropriate to mark 
off the different degrees of civilisation which the peoples of our continent have- 
attained, cease to afford under conditions so diferent any standard for this 
insular and isolated stock which lives under this happy sky, without yesterday or 
to-morrow, living for the moment, and for pleasure.’ 

Voltaire. 

I mast leave out of consideration here the results of these successive pictures; 
of the Pre-vSocial State on the course of Political Philosophy. All I am con- 
cerned to do here is to give reasons why these different conceptions took thfr 
particular shape that they did, under the several circumstances of the age which 
gave birth to them ; and I hope that 1 have been able to show that one of the- 
principal factors which determined their form was the actual state of anthropo- 
logical knowledge in the years which immediately preceded the publication of 
each. 

A good example — if this were the time to develop it fully — is the very 
entertaining controversy between Rousseau and Voltaire over the psychical 
unity and uniformity of Man. What led Voltaire to so totally opposite a* 
conception of the state of Nature to that entertained by Rousseau? Partly, 
of course, his own political and philosophic standpoint, with which we ar& 
not concerned directly here; but partly also tbe circumstances that in the- 
years which immediiitely preceded his attack upon Rousseau, the learned 
world of Europe — and learned France in particular — had come under the- 
influence of a fashion — I might almost call it a craze — of enthusiastic admira- 
tion of China and things Chinese. The Jesuit Missions to China, in particular,, 
had been sending home wonderful accounts of the civilisation of the Chinese, and 
fabulous versions of its antiquity; and it was, of course, common knowledge in 
Europe in tbe eighteenth century that any civilisation which -went back into ther 
second and third thousand years n.c. must be in respectably close contact with 
the Origin of Man, and therefore might be expected to reflect at_ close quarters 
the outlines of the original State. To find, therefore, that this immemorial 

* Chamisso, Work^s i. 119. 
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civilisation of China had existed apparently unchanged since its first ages, was to 
discover fresh light on the nature of Man and a new glimpse of primitive 
society. By this revelation of China, it is true, the Pharaoh’s heart of the 
anden regime was hardened in pursuit of what has come down into our 
vocabulary as cUnomrie \ and, by a strange irony, one of the acutest 
critics of' that regime was furnished from the same^ source with a fresh 
instrument of proof of the essentially social nature of Man in rt'ply to the 
Nihilism of Rousseau. 'Bo you mean by “prinritlve man” {samwjes) a 
two-footed animal, walldng on its hands too if occasion calls, isolated, wander- 
ing in the forests, pairing at hazard, forgetting the woman with which he 
has mated, knowing neither her offspring nor his parents, living like a beast, only 
without the instinct and the resources of the beasts. Vou wfill find it in hooks 
that this state is the true estate of man, and that we Jiave_ nuu-ely degenerated 
pitiably since we left it. But I do not think that this solitary life ascribed to 
.our forefathers is in human nature at all. If I am not mistaken, we are in the 
first rank of the gregarious animals, much as bees, wasps, aiul tlu^ like. If you 
come across a strayed bee, ought you to infer that this bee is in the state of mere 
nature, and that those which work in association in the hive luive degenerated ? 
All men do live in Society: can you infer from that, that there was a time when 
•they did not ? ' ' Man iii general has always been what he is. Tliat dues not 
mean that he has always had fine cities and so on : hut he has alwiiys had the 
•same instinct which leads him to feel affection for himself, for the companion of 
his toils, for his children, and so forth. That is what never changes, from one 
-end of the world to the other. As the basis of society is always in existence, 
idiere always w some society. We were not niad<^ to live after the manner of 
bears’ — a clear hit at the favourite simile of Montes(piieu. ‘It is therefore de- 
monstrated that Nature alone inspires us with the useful conceptions which 
precede all our thoughts. In morals it is the same. Wti* all havt* two instinct.s 
which are the basis of society, pity and justice.’ * 

From this fundamental uniformity of the human mind, which A'oltaire 
assumes and defends, it follow'S that certain fundamental ideas rfumr tn'tnwwhert^, 
under suitable circumstances, more especially .such religious dogmas as the con- 
ception of the immortality of the soul. In this concu'ption it will be seen tliat 
Voltaire at the same time reverts almost completely to the anthropological stand- 
point of Aristotle, and anticipate.s by a century the philosophic position of 
Bastian. But it is also clear that Voltaire’s mod(‘ of arriving at the Natural 
State of Man does not differ in its method from that of his pr<‘(lei*e.ssor,s. Both 
alike discover it by the process of subtracting from human nature, as we know 
it, all that can he traced to the operation of any positive' prescription or 
observance. What each side finds lying btdund this customary stratum of 
human nature, whether sheer ]>assivity, or positive {piaHtiis’ of a selfish 
tendency, or otherwise, depends, as before, partly on the prejudiet's of tlu^ 
•observer, but mainly on the current phase of emphasis on this or that section uf 
what was known. 


Chrinto^yher Mmiers. 

The new attitude towards Rousseau is well inust.rat»‘d l>y tin* criticism of 
Christopher Meiners, whose ' Historical (Comparison (fi'tlu* (lusfomsand t^mslitu- 
tious, the Laws and Industries, the Trade and Ifidigion, the Sciences ami 
Educational Institutions of the Middle Ages’ was ptiblished tfi Hanover in I Tibi. 
* Experience, history, and sound reason,’ he says, Hire mishandled (by Uousstuiu) 
with unprecedented audacity. On all sides false or distorted facts are t rivaled as 
fundamental, and the best known and best attested observatiims an* misinterpreted 
■or left on one side.’ “ 'Among the poets of enlightened pe(»ple.s there is hardly 
to be found any fiction so utterly in conllict; with experiema* and history as 
SlouBseau’s picture of the State of Nature, and of Natural Mati.’ But Meiiiers’ 

xL ID, 21; sec also Eousseaifia reply to this pt>sition, IHsemrM 
^UT I origine et lesfondemens de Vin(gciMU pwirv/d Irs Jwmynn, p, 170. 

* VoL 1. pp. 7 , 16 , 18. * 
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criticism is directed wholly against Kousseau’s ignorance of anthropological facts, 
and most particularly of facts about ‘ modern savages ’ ; not against the principles 
of his method. For, as Meiners himself contends, ‘ the most important conditions 
ill which considerable sections of the human race have been or are now to 
be found, are the conditions of savagery and barbarism, of incipient, or 
half-completedj or entire enlightenment.’ ‘Human history devotes its par- 
ticular attention to the savages and barbarians of all parts of the worlds 
who have never produced the smallest perceptible change in the fortunes of 
humanity as a whole ; because often a single small horde of savages and barbarians 
can make greater contributions to the knowledge of human nature than the most 
magnificent peoples who ever conquered and devastated a continent.’ And 
Meiners goes on to hit also Alontesquieu for his failure to appreciate the contribu- 
tion of savages to political philosophy. Here we have clearly the beginnings of 
the modern comparative method, w'ith its search of imcontaminated survivals of 
primitive, though not strictly ‘ pre-social ’ states. 

Herder, 

Hut it is mainly to Herder that the expression of the new movement is due } 
and it is his ‘ Thoughts on the History of Alankind ’ ^ that makes the first systematic 
attempt to solve the problem of the 'development of man and his culture, and to 
create, in the modern sense, a Science of Alan. 

‘ Already in comparatively early years,’ he says, ‘when the field of knowledge lay 
before me in all that morning glory from which life’s midday sun detracts so much,, 
the idea often besets me, since everything in the world has its philosophy and 
science, ought not human history, which after all lies nearest to ourselves, to have 
in a general sense its philosophy and science also He argues, thereupon, that 
we must discard speculation and follow experience simply. ‘ When, therefore, we 
set about philosophising upon the history of our species, let us forswear, as fair 
as possible, all narrow forms of thought which are derived from the culture of a 
single region, or even of a single school. It is not what man is among ourselves,, 
nor wliat ho ought to he in the conception of any dreamer whatever ’ — this is 
clearly aimed at Rousseau — ‘ but what he is, on the earth in general, and at the 
same time in every single region in particular ; or rather, what it is to which the 
rich multiplicity of actndents in the hands of Nature has had the power to train 
him. This is what we are to regard as the purpose of Nature for him.’ 

Herder, that is, conceives it as possible, at the same time to determine^ 
inductively what; Alan is in himself, and to determine by simple description 
what he actually is (or rather what men actually are) under the various dift’erenfe 
conditions in which we iind liim. But he insists on the distinction between 
these two modes of regarding Alan, or Aleii ; and rightly, for it is the confusion 
between the dtjscription of thi.s or that kind of uncivilised Alan — Iroquois, 
Hottentot, or hioutli IBea Islander-— and the guess that uncivilised Alan every- 
where must have such and such qualities or defects of qiialities—which had in 
fact produced all the discrepancies between the previous theories of a Pre-Social 
state. 

AVriting when he did, Herder of course was but little more capable than his 
predecessors of delineating human nature in detail on inductive lines. His merit, 
lies in tlie clenrne.ss with which he gripped and stated the conditions of the 
})roblem ; iti an advance of method, which came just in time to guide the 
theoretical treatment t)f a vast mass of new data. At the same time he did 
accomplish a good (h.^al, evrni as regards the filling in of the picture. In particular 
he marks the turn of the tide from the jdiilosopliy of the .Pre-Social State towards 
the old Aristotelian conception of Man as a social animal. ^ Both Ilqbhes and Locke, 
though not 1 think anywhere named, come in for effective criticism. ‘ There 
liave been philosophers,’ he says, ‘ who on account of tins instinct of self-])reserva- 
tion have classified our species among the carnivora, and made out its natural 
state to bo a state of war. Of course when Alan pluck.s the fruit of a tree he is. 

^ Herder, hheiizur Gescliiehte thr MenschlieU. 
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;a robber; wben be kills an animal be is a murderer; and wlieii — wltb a 
footstep, Vitb a breatb, perhaps— be takes tbe life of myriads of invisible 
•creatures, be is tbe most brutal oppressor on earth . . . Hut put Alan 
among bis brethren, and ask tbe question, Is be naturally a beast of prev 
•of bis own kind, is be an “ unsocial” being ? In bis physical shape be is clearly 
■not tbe former, by bis birth still less the latter/ Herder is thus returning 
afresh to tbe Aristotelian conception of tbe parental bond as t he comphunent and 
remedy of tbe long helpless infancy. Herder’s idt‘al Man has, in fact, a Humanity 
which is in itself an end, an ideal, not a ])re-social attribut e, and just for tins 
reason Humanity exists potentially in all members of _tlu‘ speci(‘s, however small 
their progress towards realising it, or however eccentric the results of their social 
activity.” 'Look at tbe godlike laws and regulations of Iluinanity, wbicdi emerge, 
if only ill tbe merest traces, among tbe most savage peoples. Can they really 
have been invented by the exercise of reason only after the lapse of thousands of 
years ? Can they really owe their origin to this changeful sketcdi, this man-made 
abstraction? I cannot believe it, even from the standpoint oi’ history. If men 
had been distributed like animals on the earth’s surface, to inv(‘nt for themselves 
the inner form of Humanity, we should still lind mere human stocks, without 
language, without reason, without religion or morals; for as Alan was created 
such is he still upon the earth.' 

^ The Patriarchal Theory, 

All these theories of a Social Contract as the starling-point of human 
societies presupposed, as we liavo seen, that mankind had actually passed 
through a Pre-Social State ; and the proof wliich had be(‘u otlered of this supposi- 
tion, though partly theoretical and a ^^riori, had partly also b(*en indiu^livii and 
based on experience. Further, the experience of 'primitivf^ Man’ whi(;h. was 
actually open to the philosophers of the sevenietmlh and early (‘ighttienth 
centuries, had been, in fact, such as to force the conclusion not mendy that a i're- 
Social State had once existed, but that some barbarous ])aoj)le.s Jiad md' yet 
emerged from it. It was a sad error of observation, a.s we now loiow, which led 
to that conclusion; but given the travellers’ tale.s, in the form in which W(i can 
read them in the 'Cosmographies’ and ' Voyages’ t)f the time, I do not. see how 
that conclusion could have been avoided without culpable negltadof sucli evideiuw 
as there was. If blame is to be assigned in this phase of iiuiuiry at. all, it is to he 
assigned to the travellers and traders, for making such poor use of tiuur ayv.s and 
ears. All, however, that I am couct^rned to establish at. present, is this, tfiat. one 
of the most important and far-reaching speculations of modern ]toliticaI philo- 
sophy, the speculation as to a I're-Social Condition of AI unkind, uml a Social 
Contract which ended it and brought in Society and the State, nro.su directly 
and inevitably from the new information u.s to what primitive man irm and f/A/, 
when he was studied in the suvonteentli century at. Tombut.um, or Saldanha 
Bay, or the ‘ backwoods of America,’ or the ' l)ank of the Orimujo river.’ 

But the Social Contract Theory has long since pa.s.H<al out of vogue. Its 
political consequences are with us to-day, like tlui polilhtal con.s»«<{uencits of tlui 
belief in the Bivine Right of Kings; but the theori<‘.H themselves an? dead, 
and likely to remain so. Plato and Aristotle, with their belief in .Man as a 
Naturally Social Animal, have come by their own again, for most of us, if «uf. 
for all; and the search for an ideal State, which sliall realise and fulli! Mans 
social instincts, Ls again in full cry. 

What part, if any, has the direct study of bar})arou.s peopb,* played at thi.s 
fresh turn of the wheel Let us look once again at tins state of geographical 
knowledge, and more particularly, as before, at the regions in which bytran.'^i- 
tory chance of circumstances, there was mo.st to be learmal at tlu? inoment. 
First, tbe British occupation of India was the occasion, on tbe one hand, of llu*. 
•discovery of Sanskrit, the creation of this science of comparat ive jddbdogv, and t h<? 
demonstration of a new link of cultural atlinity over the whole realm of Aryan 
speech. The same political event led no less directly !<» the dis(a)Vt«ry of ‘the 
patriarchal structure of Hindoo society, and so through* the companitive st udv of 
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Indian, Roman, and ancient Celtic and Teutonic law to an inductive verification 
of Aristotle’s doctrine of the ^ naturalness ’ of patriarchal society. This doctrine 
dominated political science for nearly fifty years. ^ The effect of the “evidence 
derived from comparative jurisprudence,’ Sir Henry Maine could write in 1861,^ 
^ is to establish that view of the primaeval conditions of the human race which is 
known as the Patriarchal Theory, There is no doubt, of course, that this theory 
was originally based on the Scriptural theory of the Hebrew patriarchs in Lower 
Asia. ... It is to be noted, however, that the legal evidence comes nearly 
exclusively from the institutions of societies belonging to the Indo-European 
stock, the Romans, Hindoos, and Sclavonians supplying the greater part of it ; 
nnd indeed the difficulty, at the present stage of the inquiry, is to know where to 
stop ; to say of what races of men it is not allowable to lay down that the society 
in which they are united was originally organised on the patriarchal model’ 
And he refers explicitly to the former controversy between Eilmer and Locke, to 
point out how the tables had now been turned upon the latter. 

Thus in the half-century which intervenes between Herder and Maine, the 
political philosophy of Europe seemed to have turned almost wholly from 
exploration to introspection ; from the Pacific to early Rome and the (ferman 
forests; and from the study of survivals in the modern practice of savages, to that 
of primeval custom betrayed by the speech and customs of the civilised world. 
It was Aristotle over again, with his appeal to custom, ancestral belief, and 
canonical literature, following hard upon the heels of the visionary revolutionary 
Plato. Maine’s own words, indeed, about Rousseau - would be applicable almost 
without change to the course of Greek thought in the fourth century 3J.C. ‘ We 
have never seen in our own generation,’ he says, ‘ indeed the world has not seen 
more than once or twice in all the course of history, a literature which has 
exercised such prodigious influence over the minds of men, over every cast and 
shade of intellect, as that -which emanated from Rousseau between 1749 and 
1762. It was the first attempt to re-erect the edifice of human belief after the 
purely iconoclastic efforts commenced by Bayle, and in part by our own Locke, 
and consummated by Mfitaire; and besides the superiority which every con- 
structive effort will always enjoy over one that is merely destructive, it possessed 
the immense advantage of appearing amid an all but universal scepticism as to 
the soundness of all foregone knowledge in matters speculative. . . . The great 
difference between the views is that one bitterly and broadly condemns the 
present for its unlikeness to the ideal past, while the other, assuming the present 
to be as necessary as the past, does not affect to disregard or censure it.’ 

I have devoted some space to these first steps of Linguistic Paleontology and 
Com])arative Jurisprudence because the method of inquiry which they announced 
promised at first sight to make good a very serious defect in the instruments 
of anthropological research. Human history, outside of Europe and of one 
or two great oriental states like China, hardly went back beyond living 
memory ; even Mexico had no chronicles beyond the first few hundred years, 
and the records of old-world states like China, which at first sight offered 
something, turned out on examination to have least to give. They had lived 
long, it is true, but their lives had been ‘ childlike and bland,’ devoid of change, 
and almost empty of experience. Consequently there was no ])roof that the 
^wild men’ of tin; world’s margins and byways were really primitive at all. 
The Churches held them children of wrath, dt‘generate offspring of Cain ; the 
learned fidl back upon pre-Adamite fictions, to palliate, rather than to explain their 
invincible ignoraiuje of Europe and its ways. Here, however, in the new light 
thrown by the history of speech, there seemed to be a prospect of deep insight Into 
the historyof human societies. Disillusionmcntcaraeindue course, when doctors di.s- 
agreed; Init illusion need never have taken the form it did, had either the philo- 
logists or the philo.sopliers real is(;d that all the really vul liable work -was being done 
within the limits of a single highly special group of tongues ; that the very cir- 
cumstance that this grou]) of tongues had ajiread so widely, pointed to some strong 
impulse driving the men who spoke them into iar-reachiug migrations ; that one 


^ Maine, Anmnt pp. 122-3. 
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of tlie few points upon which linguistic paleontologists were really unanimous 
was that both the Indo-European and the Semitic peoples, in their primitive 
condition, were purely pastoral; and that this pastoral habit was itself an almost 
coercive cause for their uniformly patriarchal organisation. The last point, 
however, belongs so completely to another phase of our story^ that it is almost an 
anachronism to introduce it here. It serves however to indicate, once again, if 
that be necessary, how completely the philosopher, and even the man of science, 
is at the mercy of events in the ordering of his searcli after knowledge. It is, 
indeed, almost true to say that if the primitive Aryan had not had the good fortune 
not merely to live on a grass-land, but also to find domesticable quadrupeds there, 
there could no more have been a science of comj)arative philology in modern 
Europe, than there could be among the natives of your own Great Plains or of 
the Pacific Coast : for in no other event -would there have been any such ‘family 
of languages ’ to compare. 

In the absence of warning thoughts like these, however, tlie comparative 
phiiology and the comparative law of the patriarcluil peoples of the North-West 
Quadrant and of India went gaily on. AVliat Maine hud done for India, Maine 
himself, with Solm and von Maurer, in Germany; Le Play, de Laveleye, and 
d'Arhois de Joiihainville in France ; W. F.^Skeiie in far-olf Scotlaiul; Whitley 
Stokes and others in Ireland; Rhys in Wales; and Mackenzie Wallace and 
Kovalevsky in Russia, had done for the early institutions of their respective 
countries : all emphasising alike the wide provalenct' of the same common type of 
social structure, based upon the same central institution, the Patriarchal Family, 
with the Patria Potestas of its eldest male member as its overpowering bond of 
union ; and Maine’s own words do not the least exaggerate the beliefs and 
expectations which were evoked by this new aspect of the Study of Man. 

The Matriarchate in Southern India^ Africa^ and jdortk Anierka. 

The Patriarchal Theory lasted barely fifty years. It had owed its 3‘evival, as 
we have seen, to two fresh branches of rtsseareh, (•<>in])arutrve jurisju'udence and 
comparative ]philology, both stimulated directly by the! result.H of European ad- 
ministration in Northern India. It owed its decline to tht^ results rfi' similar 
inquiries in other parts of the world, stimulated no less direct ly by other phases 
of the great colonising movement, which marks, Rb<»ve all other things, th(> cen- 
tury from 1760 to 1860. Here again a small number of e.xamples stand out as 
the crucial instances. British administration in India had, of course, been extended 
over the non-Aryan south, as well as over the north ; and in 'rravanc<we, and 
other parts of the Madras Presidency, British commissioners found tluunselves con- 
fronted with types of society which showed the ]»rof(»uudest disregard of the Patri- 
archal Theory. Like the Lyciaiis of Herodotus, these perviTse. people ‘ ciilh*d them- 
selves after their mothers’ names ’ : they honoured their mother and neglect<'d fclufir 
father, in society, and government, as xvell as in their homes; their administratioiq 
their law, and their whole mode of life rested on the nsstimption that it was the 
women, not the men, in whom reposed the continuity of the family and the 
authority to govern the State. Here was a parccham^ a * perverttul t ype ’ of society, 
worthy of Aristotle himself. It is a typo which, as a matter <»f 'fact, is widely 
distributed in Southern and South-eastern Asia, and had bt‘emi r(‘p(.*atedly 
described by travellers from the days of Tavernier (in Xb>rneo) and Laval (in the 
Maidive Islands), if not earlier still. It existed also in tln‘. Ne.w World, and 
Lafitau had already compared the Iroquois with the ancient Lycians, But it 
was Buchanan’s account of the Nairs of the Malabar Coast, published in 
which came at the ‘psychological moment,’ and finst attracted serious attention. 
At the other extremity of India, also, analogous customs wtnx^ being ri‘corded, 
about the same time, by Samuel Turner in Tibet, which might have given pimse 
at the outset to the speculators who hoped to base general conclusions on atiy- 
thin| so special and peculiar as the customs of Aryan India. 

Simfiar evidence came pouring in during the generation which followed? 
partly, It is true, as the result of systematic search among older travtdlers, but 
mainly through the intense exploitation of large parts of the world by European 
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traders and colonists. Conspicuous instances are the Negro societies of Western 
and Eq^uatorial Africa, first popularised by the republication of William Bosnian’s, 
‘Guinea’ (1700), in Pinkerton’s ‘General Collection of Voyages and Travels^ 
(London, 1808, &c.), and by Proyart’s ‘ Histoire de Loango’ (1776), which also 
reached the English public in the same invaluable collection. But it was from 
the south that the new African material came most copiously, in proportion as 
the activity of explorers, missionaries, and colonists was greater. Thunberg’a 
account of the Bechiianas ^ takes the lead here ; but for English thought the prin- 
cipal authorities are, of course, John Mackenzie ^ and David Livingstone.^ 

It was not to be expected that America, which had made such remarkable- 
contributions to the study of Man in the seventeenth and eighteenth centimes, 
should fall behind in the nineteenth, when its vast resources of mankind, as of 
Nature’s ^ifts, were being realised at last. From Hunter,^ Gallatin,® and 
Schoolcraft,® in the twenties, to Lewis Morgan’ in 1866, there w^as hardly a 
traveller ‘ out West ’ who did not bring back some fresh example of society 
destructive of the Patriarchal Theory. 

As often happens in such cases, more than one survey of the evidence was in 
progress simultaneously. Bachofen was the first to publish,® and it is curious' 
that his great hook on ‘ Mother-right ’ appeared in the very same year as Maine’s- 
‘ Ancient Law.’ Lubbock’s ‘ Prelustoric Times,’ in the next year, represents the- 
same movement of thought in England in a popular shape, but almost inde- 
pendently. In America, Lewis Morgan, whom I have, noted already as an able 
interpreter of Iroquois custom, followed up his detailed studies of Redskin law by 
a Smithsonian monograph in 1871 on ‘ Systems of Consanguinity and Affinity of 
the Human Family,’ and, in 1877, by his book on ‘Ancient Society.’ Meanwhile 
Post had published his great work on the ‘ Evolution of Marriage in 1876, and 
J. F. McLennan his first ‘ Studies in Ancient History ’ in 1876, It was the 
generation of Darwin and of the great philologists, as we have seen, and 
‘ survivals ’ were in the air : Dargan pointed out traces of the Matriarchate 
in the law and custom of Germany, and Wilken^' in those of early Arabia, 
The period of exploration, if I may so term it, closed on this aspect of the 
subject wdth Westermarck’s ‘History of Human Marriage,’ which was published 
in London in 1891. 

Australian Evidence : Totemism and Classijlcatory Kinship. ^ 

I have now mentioned India, South Africa, and North America, three 
principal fields of English-speaking enterprise during the nineteenth century, and! 
have indicated the contribution of each to modern anthropology in its bearing 
on political science. Only Australia remains ; and, though Australia’s task has 
been shared more particularly with North America, I shall be doing no injustice 
to Lewis Morgan or to McLennan if I couple with their names those of Fisom 
and Ilowitt,’- as the discoverers of classical instances of societies which observe 
neither paternal nor maternal obligations of kinship as we understand them, hut 

> Pinkerton, vol. xvi. « 
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liave adopted those i)iirelj artificial systems of relationships wliicli in moments 
of elation we explain as ‘ Totemic/ or,' in despair, describe as ‘ classificatory.’ 

ffermami Post: Comparative Jiirispriidence, 

Oiir retrospect, therefore, of the last fifty years shows clearly once again 
how intimately European colonisation and anthropological discoveries have gone 
hand in hand : first to establish a ‘ Matriarchal Theory ’ of sf)ciety as a rival of the 
Patriarchal; and then to confront both views alike with the ])ractices and with 
the theories of ‘ Totemism.’ 

From the point of view of political science, all this mass_ of inquiries finds 
applications already in more departments than one ; though it. is probably still 
too early to appraise its influence adequately. The new Moutes(|uieu has 
not yet arisen to interpret to us the ‘Spirit of the ijaws.' Most directly, 
perhaps, we can trace such influence in the ‘Comparative J iirisprudonee ’ of 
liermann Post, whose first work on the ‘ Evolution of .Mimaage ’ appeared, as 
we have seen, in 187o. Post’s general attitude is best seen in Ins ‘ introduction 
to the Study of Ethnological Jurisprudence,’ which was published in JS8(), 
and in his ‘ African Jurisprudence ’ of 1887.^ _ As the result of a survey of 
social organisations, considered as machinery in motion, Post points out very 
justly that it is useless to attempt to explain social phenomena on the basis of 
the psychological activities of individuals, as is too commonly assumed, because all 
individuals whose conduct we can possibly observe have themselves horn educated 
in some society or. other, and presume in all tlufir social acts tlie assumptions on 
which that societ.y itself proceeds. ‘I take the legal customs of all peoplCvS of the 
•earth,’ so he wrote in 1884,'^ ‘ the residual outcome of the living It^gal consciousness 
•of humanity, for the starting-point of my inquiry into the science of law ; and then, 
-on this basis, I propound the question, \Vhat is law If by this road .1 arrive even- 
tually at an abstract conception of law, or at an idmiof law, then tlui whole fabric so 
created consists, from base to summit, of flesh and blood.’ It is t.lie same method, 
of course, which had already yielded such remarkable results to .Montesquieu, and 
•even to Locke. The i)oint of view is no longer that of a Muilu^ or a McLennan, 
students of patriarchal or of matriarchal institutions by themselve.s. It is t hat 
of a spectator of human society as a whole; and such a point of view only became 
possible at all when it was already certain that no great, siiction of liumauity 
remained altogether unexplored, however fragmentary our knowlerlge might 
•still be, of much that we ought to have recorded. And its immediate outianne has 
been to throw into the strongest possible relief the deptmdenwi of the form and 
.still more of the actual content of all human societies on something which is not 
in the human mind at all, but is the infinite variety of that, e.xt.enial Nat ure which 
.Society exists to feud off Jfroin Man, and also to let Man dominate if he can. 

This was, of course, already the standpoint of Comte, with his luiqJuiHis on 
the monde ambiant. But Comte, the citizen <ir a State which exc^'pt. in Canada 
had failed to colonise, and therefore had little direct eontaid. with non-European 
types of society, confined himself far too e.xelusively to European data. Ilis 
•Strength is precisely where the science of France was so magnilicimtly strong in 
Ms day, in the domain of pure physics ; it is his analogies between p'olit urs and 
physics which are so illuminating in hi.s work, as in that of his English t'ompeer, 
Herbert Spencer; ^ and it is the weakness of both in the direction of antliropology 
which mainly accounts for the shortness of their respective vogut;s. 

‘ Hermann Post, EmleiUtwj in das Studiim der vtkndogkvhvn diimprtidruz 
(Oldenburg 1886) ; ApiMnwlie Junsprudenz (1887). Ilis position is however already 
elear in his first synthetic work, Vnprung des PcohtSt 1H76, as well as in his 
^lier book on Marriage, For a good summary of Post's views see Th. Achells, JMr 
MmoMmgdermderne7i,Mlmologie(;Ber\in, 1889), p. llJ-128, and the same writer’s 
Modeme Bthnologie (1896). 

“ Post, Die QmrMagm des Jdeclits (1884). 

» -1 QuetelePs Emi de< Pliy^gue (1841), as a symptom (ff the trend 

■ of French thought at this stage, ' 
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Friedrich Ratzel : Anihropo-geography. 

At the point which we haye now reached in this rapid survey of our seieneej 
it was obviously to Geography — the systematic study of those external forces of 
Nature as an ordered whole— that Anthropology stretched out its hands ; and it 
did not ask in vain. But while English geography had remained exploratory, 
descriptive, and (like English geology) historical in its outlook, the new German 
oi Erdkunde — ^ earth-knowledge' in the widest sense of the word — had 
already come into being on the basis of the labours of Hitter and the two Hum- 
boldts", and under the guidance of such men as Wagner, Richthofen, and Bastian ; 
the last named also an anthropologist of the first rank. It w’as, thus, to a dis- 
tinguished pupil of Wagner, Friedrich Ratzel, that anthropology owed, more 
than to any other man, the next forw^ard step on these lines. In Ratzel’s mind, 
History and Geography went hand in hand as the precursors of a scientific An- 
thropology.^ History to define wlmi, and in what order, Man makes his conquests 
over Nature ; Geography to show where, and within what limits, Nature presents 
a conquerable field for Man. Much of this, of course, was already implicit in the 
teaching of Adolf Bastian, whose monumental volumes on ‘ Man in History ' had 
appeared at Leipzig as early as 1860 ; his ‘ Contributions to Comparative Psycho- 
logy ’ in 1SC8 j and his ‘ Legal Relations among the Bifierent Peoples of the Earth ’ 
in 1872 — three years before Post’s first essay. But Bastian, inaccessible for 
years together in Tibet or Polynesia, was rather an inspiration to a few intimate 
colleagues than a great propagandist ; and besides, it was not till the appearance 
of his ‘ Doctrine of the Geographical Provinces’ in 1886® that he touched on 
this precise ground, and by that time RatzeTs * History of Man' had already been 
out for a year.‘^ 


Epilogue, 

These examples, I think, are sufficient to show how intimately the growth of 
political philosophy has interlocked at every stage with that of anthropological 
science. Each fresh start on the never-ending quest of Man as he ought to be has 
been the response of theory to fresh facts about Man as he is. And, meanwhile, 
the dreams and speculations of one tliinker after another— even dreams and 
speculations which have moved nations and precipitated revolutions— have ceased 
to command men’s reason when they ceased to accord wfith their knowledge. 

And we have seen more than this. We have seen the very questions which 
philosophers have asked, the very questions which perplexed them, no less than 
the solutions which they proposed, melt away and vanish, as problems, when the 
perspective of anthropology shifted and the standpoint of observation advanced. 
This is no new experience ; nor is it peculiar either to anthropology among the 
natural sciences, or to })olitical science among the aspects of the IStudy of Man. 
It is the common law of the mind’s growth, which ail science manifests, and all 
philosophy. 

And now I would make one more attempt to put on parallel lines the course 
of political thinking. It is not so very long ago that a great British adminis- 
trator, returning from one of the gravest trials of statesmanship which our 
generation has seen, to meet old colleagues and class-mates at a college festival, 
gax^eit to ns as the need he had most felt, in the jiaiises of his administration, that 
there did not exist at present any adequate formulation of the great outstanding 
features of our knowledge (as distinct from our creeds) about human societies and 
their mode of growth, and he commended it to the new generation of scholarship, 
as its highest and most necessary task, to face once more the question : MTuit 

'■ TXsizQl, A wihropo-geagrajihie. Leipzig, voh i. 18«S2 ; ii. 1891. 

Bastian, Fer Memih in der UescJmhte (Leipzig, 1860),- Heltmge zur rerglelehcnr 
den Psyehdogie (Berlin, 1HG8); IhwhtsrerMUtJime belfmoMcdeninb Vdlhern derErde 
(Berlin, 1872). 

® Bastian, Zur ZeJire von dr7i geograpMsrhen Prorlnze7i. Berlin, 1886. 

Ratzel, Volherkunde ( Leipzig,* 18HS). His method is best studied in the first 
volume of his jhiikTogm-geognipUe (Leipzig, 1882). 
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are tlie forces, as far as -we can know them now, whicli, as Aristotle would have 
put it, ‘ maintam or destroy States 

But if a young student of political science were to set himself to this life work, 
where could he turn for his facts What proportion of the knowahle things 
about the human societies with which travellers’ tales and the atlases acquaint 
him could he possibly bring into his survey, without a lifetime of personal 
research in every quarter of our planet? 

I have in mind one such student setting out this tuning session to investigate, 
on the lines of modern anthropology, the nature of Authoritij and the circum- 
stances of its rise among primitive men; and the difliculty at the outset is pre- 
cisely as I have described. In the case of the ‘ black fellows ^ of Australia such a 
student depends upon the works of some four or five men, representing (at a 
favourable estimate) one-twentieth even of the known tribes of the accessible 
parts of that continent. For British fSouth Africa would he_ hardly better 
served ; for British North America, outsiih^ the ground covered in British Columbia 
by Boas and Hill-Tout, he would have almost the fudd to himself: and the pro- 
spect would seem to him the drearier and th(^ more ho]H‘less when he compared 
it with things on the other side of the forty-ninth parallel. 

Now, our neighbours south of that line have th<‘ reputation of being practical 
men ; in other departments of knowledge they are believed to know well ‘ what 
pays.’ And I am forced to believe that it is'ht'cause they know that it pays, to 
know all that can still be known about the forms of human .society which are 
protected and supervised from Washington, that they have gone so fur as they 
have towards rescuing that knowledge fnym extinction while still there is time. 

The Bureau of Ethnology of the United States of America is the most systematic^ 
the most copious, and, 1 think, taking it all in all, the most scient ific of tlie public 
agencies for the study of any group of men, as uwn, T’iieonly <»ther which can be 
compared with it is the ethnographical section of the last census of India, and that 
was an effort to meet, against time, an (raergency long ]>n‘dict(‘(l, but only suddenly 
foreseen by the men who were responsibk^ for giving the onhT. Thus, humanly 
speaking, it is now not improbable that in oiu^ great m*wly-H(‘t.tIed area of the 
world every tribe of natives, which now continues to inhabit it, may at least be 
explored, and in some cases really surveyed, before it has tiimj to disappear. But 
observe, this only applies to the tribes which now cimtinut* to ('xist ; and what a, 
miserable fraction they are of what has already perished irn?vocal)ly ! It is no- 
use crying over spilt milk, as I said to begin with ; the only sane course is to he. 
doubly careful of whatever remains in the jug. 

An Ethnological t^arvey for Canada, 

, And now I conclude with a piece of recent history, whitdi will point its own 
moral. 'When the British Association met first out .side tlie Briti.sh Isles, it 
celebrated its meeting at Montreal by instituting, for the first time, a section for 
Anthropology; and it placed in the chair of that section one of the principal 
founders of modern scientific anthropology, Br. Edward Huriudt 'Fylor. then 
recently installed at Oxford, and still the revtrrtul Brtd\‘ssor of our scFuuice there. 
Through his influence mainly, but with the active goodwill of tlu^ heading names 
in other sciences in Canada, a research committee was formed inve.stigate the 
north-west tribes of the Dominion ; ami for eleven consecutive, years expeditioms. 
wholly or partly maintained by this Association wt're sent to several districts of 
British Columbia. These expeditions cost the Association about £l/d 00 in alL 
lam gkd to think that the chief representative of this ('ommittee's work, Dr. 
Franz Boas, has long since realised, in his great contributions to knowledge, the 
high hopes which his early reports inspired. 

When the Association met the second time on (.Canadian soil, at Toronto, the 
occasion seemed opportune for a fresh step. Dr. Boas had already undertaken 
work on a larger scale and under other auspices. But it was t hought Ukidy tliat 
11 a Iresh Committee of the Association were appointed, with wider terras of 
rei^ence and further grants, it would be possible to select and to train a small 
. s a 01 Oanadian observers, and by their means to produce such a .series of 
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preliminary reports on typical problems of Canadian anthropology as would satisfy 
the Dominion Government that the need for a thorough systematic survey was 
a real one, and that such a survey would be practicable with the means and the 
men which Canada itself could supply. Among the leading members of this 
Ethnographic Survey Committee I neea only mention three — the late Dr. George 
Dawson, Mr. David 'Boyle, and Mr. Benjamin Suite, each eminent already in his 
own line of study, and all convinced of the great scientific value of what was 
proposed. The first year’s enterprise opened well ; workers were found in several 
districts of Canada ; the Association sent out scientific instruments, and formed 
in London a strong consultative committee to keep the Canadian field-workers 
in touch with European students of the subject. But the premature death of 
George Dawson in 1901 broke the mainspring of the machine : the field-workers 
fell out of touch witli one another and with the subject ; the instruments were 
scattered, and in 190d the Ethnographic Survey Committee was not recommended 
for renewal. 

I need not say how great a disappointment this failure has been to those of us 
who believe that in this department of knowledge Canada has great contributions 
to make, and who know — as this meeting too knows perfectly well—that if this 
contribution to knowledge is not made within the next ten years, it can never he 
made at all, I am not speaking merely of the urgency of exact study of the 
Indian peoples. This indeed is obvious and urgent enough ; and the magnifi- 
cent results of organised effort in the United States are there to show how much 
you too can still rescue, if you will. But at the moment I appeal rather 
for the systematic study of your own European immigrants, that stream of 
almost all known varieties of white men with which you are drenching yearly 
fresh regions of the earth’s surface, which if they have had e-xperience of human 
settlements at all, have known man only as a predatory migratory animal, 
more restless than the bison, more feckless and destructive than the wolf. 
Of your immigrants’ dealings with wild nature, you are indeed keeping rough 
undesigned record in the documents of your Land Surveys, and in the statistics 
of the spread of agriculture over what once was forest or prairie ; and in time 
to come, minothinf/ — though not, I fear, much — will exist to show what good 
(and as likely as not, also, what irremediable harm) this age of colonisation has 
done to the region as a whole. J?ut what you do not keep record of is Nature’s 
dealings with your immigrants ; you do not and as long as you omit to 

obserde, you are condemned not to know — ^the answer to the simple all-important 
question, W hat hinds of men do best in Canada? What hind of men is Canada 
•snaking out of the raw material which Europe is feeding into God'‘s Mills on this 
side ? 

Over in England, we are only too well aware how poor a lead we have given 
you. AVe, too, for a century now, have been feeding into other great winnowing 
chambers the raw crop of our villagers. W e have created (to change the metaphor), 
in our vast towns, great vats of fermenting humanity, under conditions of life 
which at the best are unprecedented, and at their worst almost unimaginable. 
That is otcr great experiment in modern English anthropology— What happens to 
Bnglishnen in Citg-slums ? and we shall hear, before this meeting ends, something 
■of the methods by which we are attempting now to watch and record the 
outcome of that experiment in the making of the English of to-morrow. We 
are beginning to know, in the first place, what types of human animal can 
tolerate and survive tlie stem conditions of modern urban life. We are learning, 
•still more slowly, what modes of life, what modified structure of the family, 
of the daily round, of .society at large, can offer the adjustment to new needs 
of life, which human nature demands under this new, almost unbearable strain, 
"We are seeing, more clear in the mass, even if hopelessly involved in detail, the 
same process of selection going on in the mental furniture of the individuals, 
ithemselves ; new views of life, new beliefs, new motives and modes of action ; 
new, if only in the sense that they presuppose the destruction of the old. 

That is our problem in human society at home. And yours, though it has a 
brighter side, is in its essentials the same. Geograx)hers can tell you something 
already of the physical ‘control’ which is the setting to all possible societies on 
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Canadian soil. Scientific study^of the vanishing remnants of the Eedskin tribes 
may show you a little of the ell'ects of this control, long continued, upon nations 
whom oldHeyliii held to be ' doubtless the oflspring of the Tartars/ Sympathetic 
ohservation and friendly intercourse may still till some blanks in our‘knowledge 
of their social state ; how fishing— or, in rare eases, agriculture -forms 

and reforms men’s manner iimtitutions when it is the dominant interest 

in their lives. But what cli economic habit have done in the past with 

the Redskins, the same climate an other economic liabits are as surely doing 
with ourselves. In the struggle with Nature, as in the struggle with other m 
it is the weakest who go to the wall ; it is the fittest who survive. And it is our 
husiness to hioto, and to record for those wlro come after us, what manner of 
men we were, when we came ; whence we were drawn, and how we are distributed in 
this new lanl An Imperial Bureau of Kthnology , which shall take for its study all 
citizens of our State, as such, is a dream which has lilled great minds in the past and 
may some day find realisation. A Canadian Bureau is at the same time a nearer 
object, and a scheme of more practicable sizi‘. In the course of this meeting, 
information and proposals for such a Burtnui of hltlniology are t o be laid before 
this section by more competent authorities than I. hi y task has only been to 
show, in a preliminary way, what our science has done in the past, to stimulate 
political philosophy, and to determine it.s course and th(‘ order of its discoveries. 

‘ Some men are borne,’ said Edward Grimstone just three centuries ago, ‘ so* 
farre in love with themselves, as they osteeme nothing else, and think that 
whatsoever fortune hath set without the com])asse of their power and government 
should also be banished from their knowledge. Gome otliers, a little more 
carefull; who finding themselves engaged by tlieir hirth, or abroad, to some one 
: place, strive to understand how matters pass there, and remaine so tied to the 
. consideration of their owne Commonweale, as they ath'Ct nothing (ds(‘, carrying 
- themselves as parties of that imperfect bodie, wliereas in their’ ciiriositie they 
should behave themselves as members of this world.’ It is as ‘ members of tbi’si 
world,’ I hope, that we meet together to-day. 
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BY 

Professor E. H, STAPLING, M.D., P.RS., 

PRESIDENT OP THE SECTION, 

The Physiological Basis of Success. 

During past years it lias been customary for the Presidents of Sections in their 
addresses either to give a summary of recent investigations, in order to show the 
position and outlook of the branch of science appertaining to the Section, or to 
utilise the opportunity for a connected account of researches in which they them- 
selves have been engaged, and can therefore speak with the authority of personal 
experience as well as with that imparted by the presidential Chair. The growing 
wealth of pulilioations with the special function of giving summaries and surveys 
of the different branches of science, drawn up by men ranking as authorities in 
the subject of which they treat, renders such an interpretation of the presidential 
duties increasingly unnecessary, and llie various journals which are open to 
every investigator make it difficult for me to give in an address anything which 
has not already seen the light in other forms. The Association itself, however, 
has undergone a corresponding modification. Pounded as a medium of com- 
munication between workers in different parts of the country, it has gradually 
acquired the not less important significance of a tribunal from which men of 
science, leaving for a time their laboratories, can speak to an audience of intelli- 
gent laymen, including under this term all those who are engaged in the work of 
the world other than the advancement of science. These men would fain knowtho 
lessons that science has to teach in the living of the common life. By standing 
for a moment on the little ])innacle erected by the physicist, the chemist or the 
botanist, they can, or should l)o able to, gain new hints as to the conduct of 
the affairs of themsolves, their town or their state. The enormous advance in 
the comfort and prosperity of our race during the last century has been due 
to the applioatiion of science, and this meeting of the Association may bo re- 
garded as an annual mission in which an attempt is made to bring the latest 
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results of scientific investigation into the daily routine of the life of the com- 
munity. 

We physiologists, as men who are laying the foundation on which medical 
knowledge must be built, have as our special preoccupation the study of man. 
Although every animal, and indeed every plant, comes within the sphere of our 
investigations, our main object is to obtain from such comparative study facts 
and principles which will enable us to ehieklate the mechanism of man. In this 
task we view man, not as the psychologist or the historian does, by projecting 
into our object of study our own feelings and emotions, but by regarding him as 
a machine played upon hy environmental events and reactitig thereto in a way 
determined ])y its chemical and physical structure. 

Can we not learn something of vahio in our common life by adopting this 
objective point of view and regarding man as the latest rc‘sult of a continuous 
process of evolution which, begun in far-olT u.ges, has formed, proved and rejected 
myriads of types before man himself appeared on t lu‘ surface of the globe ? 


Addptdlion. 

In his study of living beings, the i^hysiologist has one guiding princni')lc which 
plays hut little part in the sciences of the (timmist and physicist, namely, the 
principle of ada])tation. Adaptation or purposivencss is the leading charac- 
teristic of every one of the functions to which we devote in our text-books the 
chapters dealing with assimilation, respiration, movemeni’, growth, reproduc- 
tion, and even death itself. Sfiencer has defined life as ‘ the continuous adjust- 
ment of internal relations to external relations.’ hlvery ])hase of aettvity in a 
living being is a sequence of some antecedent change in its environment, and is 
so adapted to this change as to tend to its neutralisat ion and so to the sur- 
vival of the organism. This is what is meant by adapia-tiot). It will be seen 
that not only docs it involve the teleological conception tlmt every normal activity 
must be for the good of the organism, but also that it must aj>ply to all the 
relations of living beings. It must therefore be the guiding principle, not 
only in physiology, with its special pre-occupat.ion with the internal relations of 
the parts of the organism, but also in the other branches of biology, which treat 
of the relations of the living animal to its environment and of the factors which 
determine its survival in the struggle for existc^nce. A(la])ta,tion therefore must 
be the deciding factor in the origin of species and in the succJCHsion of the 
different forms of life upon this earth. 


Origin of Life, 

A living organism may be regarded as a highly unstabh^ (djcmical system 
which tends to increase itself continuously under the average conditions to 
which it is subject, but undergoes cliHinlegration as a result of any variation 
from this average. The essential condition for t/he survival of tlie organism 
is that any such disiniogration shall result in so modifying tlu^ ndation of the 
system to the environment that it isoncemoro restorexi to the avtu'agt^ in which 
assimilation can bo resumed. 

We may imagine that tho fimt stop in the ovohit lon of life was taken when, 
during the chaotic chemical interohangos which a(50ompanied the oooling down 
of the rnolten surface of the earth, some compound was formed, probably with 
absorption of heat, endowed with tlie property of ])olymerisaiion and of growth 
at the expense of surrounding material. vSuch a subst ance could cont inue to 
grow only at the expense of^ energy dorived from the surrounding medium, 
and would undergo destruction with any stormy change in its (mviromneni 
Out of the many such compounds which might hav(^ come into being, only such 
would survive in which the process of exothermic <liHinl(igrntion tended towards 
a condition of greater stability, so that the process might come to an end spon- 
taneously and the organism or compound bo enabled to await the more favour- 
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able conditions necessary for tbe continuance of its growth. With the continued 
cooling of the earth, the new production of endothermic compounds would 
probably become rarer and rarer. The beginning of life, as we know it, was 
possibly the formation of some complex, analogous to the present chlorophyll 
corpuscles, with the power of absorbing the newly penetrating sun’s rays and 
of utilising these rays for the endothermic formation of further unstable com- 
pounds. Once given an unstable system such as we have imagined, with two 
phases, viz, (!) a condition of assimilation or growth by the endothermic forma- 
tion of new material ; (2) a condition of ‘ exhaustion,’ in which the exothermic 
destructive changes excited by unfavourable external conditions came to an 
end spontaneously — the great principle of natural selection or survival of the 
fittest would suffice to account for the evolution of the ever-increasing complexity 
of living beings which has occurred in the later history of this globe. The 
adaptations, the reactions of the primitive organism to changes in its environ- 
ment, must become continually more complex, for only by means of increasing 
variety of reaction can the stability of the system be secured within greater 
and greater range of external conditions. The difference between higher and 
lower forms is therefore merely one of complexity of reaction. 

The naked protoplasm of the plasmoclium of Myxomyoetes, if placed upon a 
piece of wet blotting-paper, will crawl towards an infusion of dead leaves, or 
away from a solution of quinine. It is the same process of adaptation, the 
deciding factor in the struggle for existence, which impels the greatest thinkers 
of our times to spend long years of toil in the invention of the means for the 
offence and defence of their community or for the protection of mankind against 
disease and death. The same law which determines the downward growth 
of the root in plants is responsible for the existence to-day of all the sciences of 
wliioh mankind is proud. 

The difference between higher and lower forms is thus not so much qualitative 
as quantitative. In every case, whatever part of the living world we take as an 
example, wo Ihid the same apparent perfection of adaptation. Whereas, how- 
ever, in the lower forms the adaptation is within strictly defined limits, with 
rise in typo the range of adaptation steadily increases. Especially is this marked 
if wo take those groups which stand, so to speak, at the head of their class. It is 
therefore important to try and find out by a study of various forms the physio- 
logical mechanism or mechanisms whicli determine the increased range of 
adaptation. By thus studying tho physiological factors, winch may have made 
for success in tlio struggle for dominance among the various representatives of 
tho living w'orld, we may obtain an insight into the factors whicli will make for 
success in the furtlior evolution that our race is destined to undergo. 

It is possible tliat, oven at this time, objections may be raised to tho applica- 
tion to man of conclusions derived from a study of animals lower in tho scale. 
It has indeed been urged, on various grounds, that man is to be regarded as 
exempt from the natural law's which apply to all other living bemg.s. Wlien 
we iiKpiire into tho grounds for assuming this anomic, this outlawed condition 
of man, w'C generally meet with the argument that man creates liis own onviroii- 
nicnt and (jannot therefore be coasidcred to bo in any way a pioduct of it. This 
modification or creation of environment is, liow'cver, but one of tlie means of 
adaptation employed by man in common with tho whole living kingdom. Erom 
tlio first appearance of life on the glol)e w'c find that one of tho meiliocls adopted 
by organisms for their self-preservation is tho production of some artilicial 
surroundings whieli protect them fi'om tlic buffeting of environmental change. 
What is the mucilaginous onvelojio ])rodueed by micro -orgiui isms in presence of 
an irritant, or ilie cuticle or shell scoj’cted by tho outermost coils of an animal, 
but the creation of such an environment ? All unicellular organisims, as well as 
tho units composing the lowest metazoa, arc exposed to and have to resist every 
change in coiwsent, ration and composition of the surrounding water. When, 
how'ovor, a body cavity or coehm, tilled probably at first with soa-wator, juade 
its appearance, all the inner cells of tho organism w'orc withdrawn from the 
distributing intiuence of variations in tho surrounding medium. Tho coelomic 



4 


TMMhlAOTlOiNS Oh' HMr'riON [. 


fluid is renewed and maintained uniform in composition by the action of the 
organism itself, so that we may speak of it as an onviroiiment created by the 
organism. The formation of a body cavity tilled with salt solution at once 
increased the range of adaptation of the animals endowed therewith. Thus 
it enabled them to leave the sea, because i.hoy carried with them the watery 
environment which was essential for the noi’inal activity of their constituent 
cell units. The assumption of a terrestrial existence on moat ]7aris of the earth’s 
surface involved, however, the exposure to greater ranges of teinpcrature than 
was the case in the sea, and indicated the neccssi(,y for still further increase 
in the range of adaptation. Every vital in’oceas has its optimum tempera- 
ture at which it is carried out rapidly and t^lTcctiivciy. At or a little above 
freezing point the chemical processes eonccrnccl in life are suspended, so that 
over a wide range of the animal kingtlom there must be an almost complete 
suspension of vital processes during the winter,' moiiihs, and a,t all times of the 
year a great dependence of the activity of these pi'ocess(^s on the surrounding 
temperature. It is evident that a great advantage in the struggle for existence 
was gained by the first animals which su(‘.cecded in securing IhL'rmal as well as 
chemical constancy of environment for their cells, thus remicring them indepen- 
dent of changes in the external medium. It is interesting to note that the 
maintenance of the tom])craturo of warm-blooded animals at a constant height 
is a function of the higher parts of the central nervous system. An animal 
with spinal cord alone macts to changes of external temperature exactly like a 
cold-blooded animal, the activity of its cluuuieal changes rising and falling with 
the temperature. In the intact mammal, by aecuralely balancing heat loss 
from the surface against heat production in the muscles, the (uuitral nervous 
system ensures that the body fluid which is snp})lied to all the active cells has a 
temperature which is independent of that of the surrounding medium. Those are 
fundamental examples of adaptation clTctdcd by (U’cation of an environment 
peculiar to the animal. Numberless others could l)o cited which difl'er only in 
degree from the activity of man himself. Jn some parts of tins country, for 
instance, the activity of the beaver in creating an urtiflcial imviroument has 
until lately been more marked than that of man himself. \\A ai'c not justillcd, 
then, in regarding mankind as immune to the operation of natural forties which 
have determined the sequence of life on the surfacti of the globti. The same 
laws which have doterinincd his evolution a-nd his ])resuut i)osiiion as the dominant 
type on the earth’s surface will determine also his future destiny. 

We are not, however, dealing with or inttu-csted in Himi>le survival. Lower 
forms of life are probably as abundant- on Ibe. smi’ace of the globe as they wore 
at any time in its history. fSurvival, as Darwin poiut<Hl out, is a <|ueHtion of 
differentiation. When in savage warfare a wliole tribe, is taken (*a}»tivc by the 
victorious enemy, the leaders and lighting men will b(‘. destroytui, while the 
slaves will continue to exist as the property of the victors. Survival, then, may 
be determined either by rise or by degradation ot typ<‘. Sucia'ss involves the 
idea of dominance, which can bo secured only by tbui ty|>(^ wliieh is the bettor 
endowed with the mechanisms of aduplation roepureU in tlio st.rugglo against 
other organisms. 

Among the many forms of living matter which may IuiV(‘ come into being 
in the earlier stages of the history of Iho earth, oiu* form aitpaj'taitly beiuimo 
predominant and must bo regarded as the ancestor of ail forms of life, u ludhcr 
animal or vegetable, viz., iho nucleated cell, fl’he almost complete identity of 
the phenomena involved in cell division throughout- the living kingdom indicates 
that all unicellular organisms and all organisms conijmsed of c(d}s ha ve (h'se-ended 
from a common ancestor, and that the mode of its roprodueiion has been im- 
pressed upon all its descendants throughout the millioiiH of ,yca.rs wiiieh have 
elapsed since the typo was first evolvetl. Tlic universal distribution of living 
cells renders it practically impossible for us to test the possihility ol a spontane- 
ous abiogenesis or new formation of living from non-living matter at the present 
time. We cannot imagine that all the various phenomena which associate 
With life were attributes of the primitive life stuff. Even if we had sucli stuff 
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at our disposal, it would be difficult to decide whether we should ascribe the 
possession of life to it, and there is no doubt that any such half-way material 
would, directly it was formed, be utilised as pabulum by the higher types of 
organism already abounding on the surface of the globe. 


Integration and Differentiation. 

An important step in the evolution of higher forms was taken when, by the 
aggregation of unicellular organisms, the lowest metazoon was formed. In its most 
primitive forms the metazoon consists simply of a cell colony, but one in which all 
individuals are not of equal significance. Those to the outer side of the mass, 
being exposed to different environmental advantages from those mthin, must 
even during the lifetime of the individual have acquired different characteristics. 
Moreover, the sole aim of such aggregation being to admit of co-operation by 
differentiation of function between the various cell units, the latter become 
modified according to their position, some cells becoming chiefly alimentary, 
others motor, and others reproductive. Co-operation and differentiation are, 
however, of no use without co-ordination. Each part of the organism must be 
in a position to be affected by changes going on in distant parts, otherwise 
co-operation could not be effected. This co-operation in the lowest metazoon 
seems to be carried out by utilisation of the sensibility to chemical stimuli already 
possessed by the unicellular organism. We have thus co-ordination by means 
of chemical su])stances (‘ hormones ’) produced in certain cells and carried thence 
by the tissue fluids to other cells of the body, a mechanism of communication 
which we find even in the highest animals, including man himself. To such 
chemical stimuli \vo may probably ascribe the accumulation of wandering meso- 
derm cells — i.e.. phagocytes — in an organism such as a sponge, around a seat of 
injury or a.ny foi'cign substance that has been introduced. By this mechanism it 
is possible for distant parts of the body to react to stimulation of any one part 
of the surface. Communication by this means is, however, slow, and may be 
compared to the state of affairs in civilised countries before the invention of the 
telegraph, when messengers had to ride to different parts of the kingdom in order 
to arouse the whole nation for defence or attack. 


Foresight and Control. 

Increased speed of reaction and therefore increased powers in the struggle 
for existence were obtained wdien a nervous system wus formed, by a modification 
of the cells forming the outer surface of the organism. By the growth of long 
processes from these cells a conducting network was provided, running through all 
parts of the l)ody and affording a channel for the rapid propagation of excitation 
from the surface to the deeper parts, as well as from one part of the surface to 
anotlier. Erom this same layer were })roduced the colls which, as muscle fibres, 
would aet.astho motive mechanism of the organism. Thus, from the beginning, 
the chief moans of at tack or escape were laid down in close connection with the 
suj‘fac(^ from which the stimuli were received. A further step in the evolution 
of the nervous system consisted in the withdrawal of certain of the sensory or 
receptor cells from the surface, so that a specially irritable organ, the central 
nervous system, was evolved, whicli could serve as a distributing centre for the 
messages or calls to action initiated by changes occurring at the surface of the 
body. At its first appearance this central nervous system m'ouIcI hardly deserve 
the epithet of ‘ central,’ since it formed a layer lying some distance below the 
surface, and extending over a considerable area ; thougli we find that very soon 
there is an aggregation of the special colls to form ganglia, cae-h of wliich 
might be regarded as presiding over the reactions of that })art of t he animal in 
which it is situated. Thus in the segmental wormiike animals a pair of ganglia 
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is present in each body segment, and the chain of ganglia are united by longi, 
tudinal strands of nerve fibres to form the gaiiglionated cord, or central nervous 
system. 

Such a diffused nervous system, in which all ganglia wore of equal value, could, 
however, only act for the common weal of the wliolo body when a reaction 
initiated by stimulation at one part was not countoracled by an opposing 
reaction excited from another part of the surface. For survival it is necessary 
that in the presence of danger, i.e„ an environment threatening the life of the 
individual or race, the whole activities of the organism should be concentrated 
on the one common purpose, whether of escape or defence. This could be 
effected only by making one part of the central nervous system })redominant 
over all other parts, and the part which was chosen for this }u’edoininance was 
the part situated in the neighbourhood of the mouth. This, in animals which 
move about, is the part which always precedes the rest of tlK‘ body, and therefore 
the part which first experiences the sense impressions, favourable, or dangerous, 
arising from the environment. It is this (md that has to appreciate the presence 
or approach of food material, as well as the nature of the. medium into which the 
animal is being driven by the movements of its body. Thus a predominance 
of the front end of the nervous system was dot,onniiied by the special develop- 
ment at this end of those sense organs or sensory cells whicdi are prujkimt-^ 
ie. are stimulated by changes in the environment proceeding from disturbances 
at a distance from the animal. The sensory orgaiis of vision and the organs 
which correspond to our olfactory .sense organs and are aroused by minute 
changes in chemical composition of the surrounding medium, are always found 
especially at the front or mouth end of the organism. The, cluinces of an animal 
in the struggle for existence are dciormined l>y the degree to whicih the rcsponscB 
of the animal to the mmcdiale. ouvironment. arc' held in c.hc'ck in cjoiisecpu'nce of 
stimuli arising fiom a'ppwncJimj eventu. The animal, without, power to see or 
smell or hear its enemy, willreceivo no im])ulHe to iiy until it is airesady within 
its enemy’s jaws. It must therefore be an advantage to any animal that the 
whole of its nervous system sliould bo subservient^ to those* gangliii or cicntral 
collections of nerve colls which are in dirccjt conueetlon with the projicient- sense 
organs in the head. This subservience is secured by (‘lulowing tlu^ h(*ad centre 
with a power, firstly, of controlling and abolishing the mdivities (f.c., all those 
aroused by external stimuli) of alloiher parts of the cent ral nervous system, and, 
secondly, of arousing these parts to a reaction imine(lia.teiy (.h'termined f)y the 
impression received from the projicient sense organs of th(‘'head and originated 
by some change in the surroundings of the animal whuth has not yet affected 
the actual surface of its body. 


Education hj Exiumencc. 

The factors which so tar detormino suct^ess in the struggle for predominance 
are, in the first place, foresight and power to react to coming (wents, ami, in the 
second place, control of the whole activities of the organism by that part of the 
central nervous system which presides over the reaclion. The animal therefore 
profits most which can subordinate the impulses of the pri‘scnt to the exigencies 
of the future. 

An organism thus endowed is still, however, in tlu^ range of its rea-edions, 
a long way behind the type which has attained dominance to-day. ff’he 
machinery wo have described, when present in its simplcsst, form, Kutlicjc's for the 
carrying out of reactions or adaptations which are dotennhu*d immediately by 
sense impressions, advantage being given to tho.so reactions wiiitih arc^ initiated 
by afferent stimuli affecting the projicient sense organs at the lu?ad (‘nd of the 
animal With the formation of the vertebrate type, and probably evcui before, 
a new faculty makes its appearance. Up to this point t he reacjtions of an animal 
have been what is termed ‘ fatal,’ not in the sense of bringing dearth 1 o tlu' animal, 
but as inexorably fixed by the structure of the nervous systom inherited Iw f]i« 
animal from its precursors. Thus it is of advantage to a moth that it should be 
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attracted by, and fly towards flght objects — white flowers — and such a re- 
activity is a function of the structure of its nervous system. When the light 
object happens to be a candle flame the same response takes place. The 
first time that the moth flies into and through the candle flame, it may only be 
scorched. It does not, however, learn wisdom, but the reaction is repeated so 
long as the moth can receive the light stimuli, so that the response, which in the 
average of cases is for the good of the race, destroys the individual under an 
environment which is different from that under which it was evolved. There 
is in this case no possibility of educating the individual. The race has to be 
educated to new conditions by the ruthless destruction of millions of individuals, 
until only those survive and impress their stamp on future generations whose 
machinery, by the accumulation and selection of minute variations, has under- 
gone sufficient modification to determine their automatic and ‘fatal’ avoidance 
of the harmful stimulus. 

The next great step in the evolution of our race was the modification of the 
nervous system which should render possible the education of the individual. 
The mechanism for this educatability was supplied by the addition, to the con- 
trolling sensory ganglia of the head, of a mass of nervous matter which could 
act, so to speak, as an accessory circuit to the various reflex paths already exist- 
ing in the original collection of nerve ganglia. This accessory circuit, or upper 
brain, comes to act as an organ of memory. Without it a child might, like the 
moth, be attracted by a candle flame and approach it with its hand. The injury 
ensuing on contact with the flame would inhibit the first movement and cause 
a drawing back of the hand. In the simple reflex mechanism there is no reason 
w'hy the same series of events should not be repeated indefinitely, as in the case 
of the moth. The central nervous system, however, is so constituted that every 
passage of an impulse along any given channel makes it easier for subsequent 
impulses to follow the same path. In the new nerve oentie, which presents a 
derived circuit for all impulses traversing the lower centres, the response to the 
attractive impulse of the flame is succeeded immediately by the strong inhibitory 
impulses sot up by the pain of the burn. Painful impressions are always pre- 
dominant. f^iiice they arc harmful, the continued existence of the animal 
depends on t he reaction caused by such impressions taking the precedence of and 
inhibiting all othei's. The effect therefore of such a painful experience on the 
new upper brain must far outweigh that of the previous impulse of attraction. 
The next time that a similar attractive impression is experienced the derived 
impulse traversing the upper brain arouses, not the previous primary reaction, 
but the secondary one, viz., that determined by the painful impressions attending 
contact with the flame. As a result, the whole of the lower tracts, along which 
the primary reaction would have travelled, are blocked, and the reaction — now 
an educated one — consists in withdrawal from or avoidance of the formerly 
attractive object. I’he burnt child has learnt to dread the tire. 

The upper brain represents a nerve mechanism without distinct paths, or 
rather with numberless paths presenting at first equal resistance in the various 
directions. As a result of ex])erience, definite tracts are laid down in this system, 
so that the individual has the advantage not only of his lower reflex machinery 
for reaction, but also of a machinery which with advance in life is adapted 
more and more to the environment in which he happens to be. This educable 
part of the nervous system — «.e., the one in which the direction of impulses 
depends on })nst exj)encnce and on habit — ^is represented in vertebrates by the 
cerebral hemisfffiei'es. From their first appearance they increase steadily in 
size as v-o ascend the animal scale, until in man they exceed by many times in 
bulk the whole of the rest of the nervous system. 

We have thus, laid down automatically, increased power of foresight, founded 
on the Law of Uniformity. The candle flame injures the skin once when the 
finger is brought in contact with it. Wc assume that the same result will follow 
each time that this operation is repeated. This uniformity is also assumed in 
the growth of the ccnkal nervous system and furnishes the l)asis on which the 
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nerve paths in the brain are laid down. The one act of injury which has fol- 
lowed the first trial of contact suffices in most eases to inhibit, and to prevent 
any subseTnent repetition of the act. 


The Faculty of Speech. 

If we consider for a moment the vastness and conpilexity of the stream of 
impresssions which must ho constantly jiouring into the central nervous system 
from all the sense organs of the body, and the fact that, at any rale in the growing 
animal, every one of these impulses is, so to speak, stored in the u})])cr brain, 
and affects the whole futui*? behaviour of the animal, even the millions of nerve 
cells and fibres which are to be found iti the human ner^-ous^ system would seem 
to be insufficient to carry out the task thrown upon them. Further dev{‘lo]unent 
of the adaptive powers of the animal would probably luu’c been rendered im- 
possible i)y the very exigencies of space and nutritioii, Iiad it not been for the 
development of the power of speech. A word is a fairly simple motor act and 
produces a correspondingly simple sensory im])rossion. .F\ery worth however, 
is a shorthand expression of a vast sum of experience, and by using words as 
counters it becomes jiossible to increas(' enormously the power of tlie nervous 
system to deal with its own experience. Education now involves the learning 
of these counters and of their signilicance in sense expciience ; and the reactions 
of the highest animal, man, are for the most part carried out in response to words 
and are governed by past education of tlu' (‘xperience-tHmtent involvt'd in each 
word. 

The power of speccli was prohaldy devc'loped in tlie first place as a moans 
of communication among primitive man living in grou))H or sociidies ; as a means, 
that is to say, of procuring co-operation of dillVrcnt. individuals in a task in which 
the survival of the whole race was involved. But. it has attaimsl still further 
significance. Without siicech the individual (am profit by his own experience 
and to a certain limited oxtont by the conli’ol t^xcrcised by thi‘ older and more 
experienced members of his tribe. As soon as (‘Xperieiu'c can be symbolised 
in w'ords, it can be dissociated from the individual and becomes a part of the 
common heritage of the race, so that the whole past (‘xp(‘ri(‘m*t‘. of tfu' rac.e can 
beutilised intheeducation~-i.e., the laying down of iutvcj tractls— in the individual 
himself. On the other hand, the community receives tin* advantage of the 
foresight possessed by any individual who hapiKuw to Ik* (‘ndoutal with a, central 
nervous system which tra-nscends that of his {(*llows in its po\vi*rs of dtialing with 
sense impressions or other symbols. The foi’csight thus aiKjuircd by the whole 
community must be of advantage to it and s(uwc for its pro.s(frvati<ui. It is 
therefore natural that in the processes of (h'velopment ami division of labour, 
which occur among the members of a community just as among (ho (uh units 
composing an animal, a class of indivuiuulH should hav(* Ikk'h dev(h>ped, who 
are separated from llu^ ordinary avo(nktions, and lire, or should be, maintained 
by the community, in order that they may apply their wlioh^ (‘magics to the 
study of sequences of sense impressions. 'Theso are set into words whicih, ns 
summary statements of sequence, arc known to us as the Laws of Xatur(‘. 
These natural laws become the ])ropcrt.y of the whok*- (immunity, iK'come 
embodied by education into the nervous system of its individuals, and serve 
therefore as the experience which will determine llu* future iahaviour of its 
constituent units. This study of the seqmuuic of {fiumoimuja is tla^ of 
Science. Through Science the whole race thus la^conn's (mdowtsi with a fore- 
sight wliich may extend far beyond contemporary events and may inclmlo in 
its horizon not only the individual life, but that of the race itself as of racs's to 
come. 
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Social Gonchict. 

I have spoken as if every act of the animal were determined by the complex 
interaction of nervous processes whose paths through the higher parts of the 
brain had been laid clown by previous experience, whether of phenomena or of 
words as symbolical of phenomena. The average conduct, however, of the 
individual, determined at first in this way, became by repetition automatic — i.e., 
the nerve paths are so facilitated by frequent use that a given impulse can take 
only the direction which is set by custom. The general adoption of the same 
line of conduct by all the individuals of a community in face of a given con- 
dition of the environment gave in most cases an advantage to those individuals 
who were endowed with a nervous system of such a character that the path could 
be laid down quickly and with very little repetition. Thus we get a tendency, 
]jartly by selection, largely by education, to the establishment of reactions which, 
like the instincts of animals, are almost automatic in character. As MacDougall 
has pointed out, the representations in consciousness of automatic tendencies 
are the emotions. Moral conduct, being that behaviour which is adapted to 
the individual’s position in his community, is largely determined by these paths 
of automatic action, and the moral individual is he whose automatic actions and 
consequent emotions are most in accord with the welfare of his community, or 
at any rate with what has been accepted as the rule of conduct for the community. 


Hue in Type dependent on Bmin. 

Thus, in the evolution of the higher from the lower type, the physiological 
moohanisms, whicli have proved the decisive factors, can be summed up under 
the headings of integration, foresight and control. In the process of integration 
we have not only a comljination of units previously discrete, but also differentia- 
tion of structure and function among the units. They have lost, to a large 
extent, their ]u’cvious independence of action and, indeed, j)ower of independent 
action, the whole of their energies being now applied to fulfilling their part in the 
common work of the organism. At first bound together by but slight ties and 
capableln many cases of sc])arating to form new cell colonies, they have finally 
arrived at a condition in which each one is absolutely dependent for its exist- 
ence on its connection with the rest of the organism and is also essential to the 
well-being of every other part of the organism. 

This solidarity, this subjection of all selfish activity to a common end, namely, 
pi’oscrvation of the organism, could only be effected by a gradual increase in the 
control of all parts by one master tissue of the body, whose actions were deter- 
mined by im])ulses ariiving from sense organs which themselves were sot into 
activity by coming events. We thus liave with the rise in type a gradually 
I'ising scale in powers of foresight, in control by the central nervous system, and 
in the solidarity of the units of which the organism is composed. 

in the struggle for existence the rise in type has depended therefore on the 
central nervous system tind its servants. Rise in typo implies increased range 
of ada])tation, ancl wo have scon that this incrcavscd range, from the very beginning 
of a nervous system, was bound u}) with the powers of this system. Whatever 
opinion we may finally arrive at with regard to the types of animals which wo 
may claim as our ancestors on the lino of descent, there can bo no doubt that 
(kskell is rigid in the fundamental idea which has guided his investigations 
into the origin of vertehratos. As he says, ‘ the law for the whole animal kingdom 
is the same as for the individual. Success in this world depends upon ])rainH.’ 
The work by this observer which has lately appeared sots forth in gi’catcr detail 
than 1 have been able to give you to-day the grounds on which this assertion is 
based, and" furnishes one of the most noteworthy contributions to the principles 
of evolution vhich ha\'e been published during recent years. 
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We must not, however, give too rcsf-rictivo or common a meaning to the 
expression ‘brains’ used by Gaskoil in the dictum cjuotcd above. By this^word 
we imply the whole reactive system of the anijual. In the case of man, as ofsome 
other animals, his behaviour depends not merely on his intellectual qualities or 
powers, to which the term ‘ brain ’ is often in popular language confined, but 
on his position as a member of a group or society. ^ His automatic activities in 
response to his ordinary environment, all those social acts which we ascribe in 
ourselves to our emotions or constficnco, are determined by the existence of 
tracts in the higher parts of his })rain, access to^ which has been opened by 
the ruthless method of natural selection and which have been deepened and 
broadened under the influence of the pleasurable and |.>ainful impressions which 
arc included in the process of education. AH the higher development of man 
is bound up with his existence as a member of a coimuimity, and in trying to 
find out the factors which will doicnninc the surviv'al of any typo of man, we 
must give our attention, not to the man, but to tlic tribe or community of which 
he is a mcml)er, and must try to find out. what kind of behaviour of the tribe 
will lead to its ijredominanco in the struggle for existence. 


Poll Heal FjvvIhHoh, 

The comparison of the body })olit/ic with the human body is as old as political 
economy itself, and there is indeed no reason for assuming that the i)rinci|)les 
which determine the succghs of tlio animals formed by the apregation of 
unicellular organisms sliould not apply to the greater aggregations or com- 
munities of the multicellular organisms themselves. It must ho roniombored, 
however, that the principles to whicli 1 have drawn your at tentiou are not iliose 
that determine survival, but those which determine ris<‘. of tiyjie, what 1 have 
called success. Evolution may be rcgri^ssivc^ as well as progressive. .Degenera- 
tion, as Lankestor lias shown, may play a.s great a part as evolution of higher 
forms in determining survival. The world still contains myriads of unicellular 
organisms as well as animals aiul plants of all d(‘.greeH a, ml eonqilexity and of 
rank in the scale of life. Ail these forms are subordinate, to man, ami when in 
contact with him are made to serve his purposes. In the same way all mankind 
will not rise in type. Many races will die out., (isjieoially those who just fall 
short of the highest type, while otlicrs by degradation or dilTorentiation may 
continue to exist as parasites or servants of tlie higher type. 

Mere association into a community is not Hutlieieni to ensure sueeess ; there 
must also be ditlercntiation of function among the parts, and an tuilire sub- 
ordination of the activity of each part to tlio wi^Ifare of the whole. It is this 
lesson which we English-speaking rae(\s have at^ the [irestud. time most, need 
to learn. In the behaviour of man almost every aetf is repre.senied in (lonsiiious- 
ness as some emotion, ex{)oriencc or desire. 'Iho state of .subordination of the 
activities of all units to the common weal of the community has its counter- 
part in consciousness as the ‘ spirit of serviee.’ Tlu^ enoriuou.s value of such 
a condition of solidarity among the individualK eonstitutiug a nation, inspired, 
as wo should say, by this spirit of service, has Ik, am shown to u.s lately by Japan. 
In our own case the subordination of individual to state interests, such a.s k 
necessary for the aggregation of smaller primitive into largm* and more com [ilex 
communities, has always presented consi(i(n'able <lifli<;uit.y ami hcon aeeom plislu’d 
only after severe struggle. Thus the work begun by Al(*xandcr Hamilton and 
Washington, the creation of the United {States, is still, even after the unifying 
process of a civil war, incomplete and maiTc<l by contending state and imlividual 
interests. The same sort of ditiiculties arc being ('xpm’imuaid in the integra- 
tion of the units, nominally under British control, into one great nat ion, in which 
all parts shall work for the good of the whole and for mutual protection in iho 
struggle for survival. 
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The Lesson of Evolution. 

Just as pain is the great educator of the individual and is responsible for the 
laying down of the nervous paths, which will determine his whole future conduct 
and the control of his lower by his higher centres, so hardship has acted as the 
integrator of nations. It is possible that some such factor with its attendant 
risks of extermination may still be necessary before we attain the unihcation of 
the British Empire, which would seem to be a necessary condition for its future 
success. But if only our countrymen can read the lesson of evolution and are 
endowed with sufficient foresight, there is no reason why they should not, by 
associating themselves into a great community, avoid the lesson of the rod. 
Such a community, if imbued by a spirit of service and guided by exact know- 
ledge, might be successful above all others. In this community not only must 
there be subordination of individual to communal interests, but the behaviour 
of the community as a whole must be determined by anticipation of events — 
i.e. by the systematised knowledge which we call Science. The universities 
of a nation must be like the eyes of an animal, and the messages that these 
universities have to deliver must serve for the guidance and direction of the wliole 
community. 

This does not imply that the scientific men, who compose the universities 
and are the sense organs of the community, should be also the rulers. The reactions 
of a man or of a higher mammal are not determined immediately by impulses 
coming from his eyes or ears, but are guided by these in association with, and 
after they have been weighed against, a rich web of past experience, the organ 
of which is the higher brain. It is this organ which, as the statesman of the cell 
community, exercises absolute control. And it is well that those who predicate 
an absolute equality or identity among all the units of a community should 
remember that, although all parts of the body are active and have their part to 
play in the common work, there is a hierarchy in the tissues — different grades 
in their value and in their conditions. Thus every nutritional mechanism of 
the body is subordinate to the needs of the guiding colls of the brain. If an 
animal be starved, its tissues waste ; first its fat goes, then its muscles, then its 
skeletal structures, finally even tlie heart. The brain is supplied with oxygen 
and nourishment up to the last. VVlien this, too, fails, the animal dies. The 
leading cells have first call on the resources of the body. Their needs, however, 
are soon satisfied, and the actual amount of food or oxygen used by them is 
insignificant as compared with the greedy demands of a working muscle or gland 
cell. In like manner every community, if it is to succeed, must be governed, 
and all its resources controlled by men with foreseeing power and ricli ex- 
perience — i.e., with the wisdom that will enable them to profit by the teachings 
of science, so that over^: })art of the organism maybe put into such a condition 
as to do its optimum of work for the community as a whole. 

At the present time it seems to me that, although it is the fashion to acquiesce 
in evolution because it is accepted by biologists, we do not sufficiently realise 
the importance of this piinciplc in our daily life, or its value as a guide to 
conduct and policy. It is probable that this doctrine had more influence 
on the behaviour of thinking men in the period of storm and controversy 
which followed iis promulgation fifty years ago, than it has at the present day 
of lukewarm emotions and second-hand opinions. Yet, according to their 
agreement with biological laws, the political theories of to-day must stand or fall. 
It is true that in most of them the doctrine of evolution is invoked as sup])orting 
one or other of their chief tenets. The socialist has gras])editho all-iniportainco 
of the spirit of service, of the siihordination of the individual to the comnuniity. 
The aristocrat, in theory at any rale, would emphasise the necessity of ])lacing 
the ruling power in the hands of the individuals most highly endowed with 
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intelligence and with experience in the affairs of nations. He also appreciates 
the necessity of complete control of all parts by the central government, though 
in many cases the sense organs which lie uses for guidance arc the traditioiis 
of past experience rather than the science of to*day. The liberal or individualist 
asserts the necessity of giving to each individual equal op]iortunities, so that there 
may he a free fight between all individuals in wbicb only the most highly gifted 
will survive. It might be possible for another Darwin to give ns a politic which 
would corahine what is true in each of those rival theories, and would he in 
strict accord with our knowledge of the history of the i-aee and of mankind. 
As a matter of fact the affaire of onr states are not determined according to any 
of these theories, but by politicians, whose measures for the conduct of the com- 
munity depend in the last resort on the suffrages of their electors— i.e., on the 
favour of the people as a whole. It has been rightly said tluit every nation has 
the government which it deserves. Hence it is all-important that the people 
themselves should realise the meaning of the message wliich Darwin delivered 
fifty years ago. On the choice of the i)eople, not of its politicians, on its power 
to foresee and to realise the laws which (hd ermine success in the struggle for 
existence, depends the future of our race. It is the })eople thati musti elect men 
as rulers in virtue of their wisdom rather than of t luur promises. 1 1 is the ])eople 
that must insist on the })rovision of the organs of for(‘sight, the workshops of 
exact knowledge. It is the individual who must, lie pn'parctl to give up his 
own freedom and case for the welfare of tlu^ community. 

Whether our typo is the one that will give birth to the super-man it is im- 
possible to foresee. There arc, however, two alternatives iieforc us. As 
incoherent units wo may acquiesce in an existonci^ subordinate to or parasitic 
on any type which may ha])pon to achieve success, or as memb«-:rs of a great 
organised community wo may make a hid for determining the futui’e of the world 
and for securing the dominance of our race, our thoughts anti ideals. 
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Sidor ne supra crepidam judi caret, probably an old saying wlien Pliny wrote, 
is still a safe guide. The limitations of life and of knowledge are different, 
and human effort is thereby so conditioned that progress depends on specialisa- 
tion ill study. Specialisation lessens the temptation to forget this caution ; 
but the force of the proverb is not weakened. It also conveys a behest, and 
compliance with this behest helps to counteract the narrowed outlook which 
specialisation sometimes encourages. 

Those whose studies are confined to some limited field often welcome a 
sketch of the aims and methods of work witli which they are not familiar. 
Such a sketch may be held to have serveil its purpose if the subject discussed, 
and its relationship to cognate studies, be rendered intelligible. 

No apology, tlierefore, is made for the subject now talcen up, even if it be 
sometimes hinted tliat this subject — Systematic Botany — is inimical to origin- 
ality, the antithesis of scientific, and outside the limits (.d botany proper. 
These views depend on half-truths and arbitrary eon notations. They do not 
affei-t the faet that the primary ]mrpose of sy.stematic study is to advance 
natural knowh'dge. Tlie Ky.steinatic. worker, in furthering this object, does 
not halt to cmisider wlnhlier his wan‘k be applied rather than original, technical 
rather than scientific. 

As a matter of history, the scope of systematic study practically coincides 
with what botany once implied ; as a matter of fact, it corresponds to what 
zoology iin])lies now. Tlie accident that man, on his physical side, is like the 
beasts that perish 1ms l«l to the recognition of animal phy.siology and anatomy 
as indepeiulent .sciences. Owing to the absence of any such fortuitous circum- 
stance vog(‘tab1e anatomy and physiology remain under the ancestral roof. 
These off-slioots of botany are as vigorous as their zoological counterparts. 
Tliey may be entitltHl t(^ tbiiik that systematic methods are old-fashioned, and 
it may be<lesirabh‘ that they should set up separate establishnienis or form 
alliiinees with t lu^ curn^KpoiKling off-shoots of zoology. But nothing in all this 
justifies the eviction of systematic botany from tbe family home. 

The statement that systematic methcKls are old-fashioned may be acce])i:c‘<l 
witbout conceding that these methods are out of date. Systematic work, while 
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sharing in the general advance in knowledge, has been able, amid far-reachine 
changes, to maintain continuity of inotlmd in the pursuit (d its double pur- 
pose. This has been a benelifc to botany as a whole when ci'ueial discoveries or 
illuminating theories have, in other fields, led to a reorientation of view 
requiring the use of fresh tablets for the i‘e<'ord of new results. 

Disintegration and read justmeiit due to altiu’ed outlook are familiar pro- 
cesses. Histology, parting company with organography to physiology, 
is now an independent study, one of whose bramhes (H*<‘asionally declines^to 
accept any doctrine uncoidirmed by <wt<d(>gieal niidloKls. The study of 
problems relating to nutrition and repHnliiciitm lias bivii considcnod the 
especial task of physiology. Now, the clnmiist at t inies claims the jiroblems of 
nutrition as jiavt of his field, and we huh f(U’ advan<\‘S in our km>whHbn> of 
reproductive ])roblems to the <‘yiohi>gist and the stiulent of gmudics, The.u© 
instances are adduced from without be<*aust‘ ndative eximpiiion from disinte- 
gration is a distinctive feature of systematic simly. The two-si<Ied task of 
the systematist is to provide a <'cnsus <d’ the kmwn humis of ])huii lifi* and to 
explain the relationships of these forms U\ vi[A\ otlum. Tlu' woiiv on (me side 
is mainly descriptive, on thi' other mainly taxonomic, but the tw(^ are S(] 
interdependent, and tln-'ir (derations sinntimately idendcd, that it isdidicult 
to treat them apart, Ih'orimitatiim in botanical study has led t(v seismic dis- 
turbances in the taxonomi(‘ lieid, but the materials sup]ilied by di‘scri])tive 
work have remained unaffected, and therefore Imve bt>cn n-ady for use in the 
repair or recon structhmhf shattercil ‘ systems.’ 

The exemption from rmlical <hang(' in method, which marks syslmnatic 
work, is due totlnwt' (haracimustics that oxp((sc it ItMlu- cliargt's (iiscourar^- 
ingorigiiiality and of calling only for tccbnical skill. It als(( hirgely ('xplains 
why systematic study, especially on ilu' (h'seriptivo sid(‘, is not 'attractivi' tr 
minds dispos('d towards ex})('viimmial impiirv. Tin' labour involved is a? 
exacting, accurate iwordand balanced .jmlgim’nl are as m'ct'ssarv, in d(‘scrip' 
tiveas in experimental research. ‘ A skill that ismd I.vIh' acipiiivd liy random 
study at spare moments ’ is as essent ial in. <lescn]iliv(‘ as in (Him' wiirk, while 
the relief that .variation in methcsl aff(H'ds is ])ivclmh>d. hu'reased ('xiim’i- 
ence, here as elsewhere, huids to moiv satisfa.ct(my results, but without, in ibis 
case, mitigating the toil of securing thmii. Tin* testing of ilumrios, (ifi(m an 
inspiring task in experimental ivsc'arch, in ilu' <!(‘.s('rip1ivt' fi(hl n-tards pro- 
gress. But if in descriptive work imaginai ion and (h(‘ spirit of advent u!’(> are 
undesirable, these qualities are not i!iliihit(sl by svst(miaiie study as a whole 
imaginatiem is legitimate and useful in the tax(momi(‘ fieid, and in an.Hier 
line of activity--tlu' acquisition of tin* material on which descriidiye work is 
based—the .s])irit of advm.ture is (‘ssf'iit ial to success. 

^ The untravelled descu'iptive wau-lau- is md willnmi coiisolatious. His work 
is as necessary h") botany as that of the cartographer to g(mgra]diy. (m the 
grammarian to literature. His rt'sults are means to tin* (‘nds that oiiiershave 
in view. If these results often app(‘al to<‘(miiug raflu'r tlmn loeimtennmrarv 
workers, Hie descriptive writer is at burnt largely spared the doubt ful lienctit 
of immwliate appredatioii. Hi' can pursue Iris .stmlies unaffiu'tcd by any <'oii- 

knowlodgt' am'l of I'lring- 
)leti(tn, in di'script iy(t study it is 
ivorkor that tiHs. V(>| the work is 
atic, writings raivly fail to roth-d 
umwledgt* of ({('script ivt' tn'utiscs, 
usmilly leails t(t mmijal estimates 
ich tbes(‘ {'stimati's d(*j)oiHl is nn- 
h'd. Bui its value is not tlu'nhy 
we useful cIuH’ks on I'tmtemporary 


iug A iKTOssary rasK ap])reeialUy lU'ari'r ('em 
the work rather than the personality of t,he 
not without human interi'st, biH'ause systou 
the character of the writers. Idle intimate 
which floristic or monographic study entai Is 
of the actual authors. The evidence ou wl 
wittingly given and unconw'iously ap])re<‘i!i 
diminished, and estimates so formed may pi 
judgments, 
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The descriptive worker ^is a rule makes his work ‘ the primary business of 
his life, which he studies and practises as if nothing else in the world 
mattered.’ But he does not hold aloof from thoise engaged in other lines of 
botanical activity. His evidence is mainly obtained from organography and 
organogeny; but, just because his results are for the use of others, the 
descriptive botanist has to keep abreast of all that is done in every branch of 
his science. New weapons are constantly being forged, and not in morpho- 
logical workshops only ; with these and their uses the descriptive worker must 
be familiar, for the need to employ them may arise at any moment. If he 
does not always abandon old friends for new, this is not because the syste- 
matist is unaware of their existence, or unprepared to apply new methods. 
The descriptive worker employs his tools as a craftsman ; like other craftsmen, 
he finds that tools do not always fulfil the hopes of their designers. In 
descriptive work, too, as elsewhere, a steam hammer is not required to break 
every nut ; the staff and sling may be arms as effective as tliose of the hoplite. 
There are occasitms when the descriptive writer does appear to hold aloof by 
declining to accept ]U’offered evidence. But his motive is not arrogant ; it is 
onl}^ altruistic. If he is to avo-id the risk of causing those who depend tm his 
results to reason in a circle, the descriyitive writer must obtain these results, 
if not without extraneous aid, at least w'ithout help from those for whose 
immediate use they are provided. 

Taxonomic study is pursued in an environment which differs from that 
surrounding descriptive work. The descriptive student can hardly see the 
wood for its trees. The taxuiiomie student works in more open country, and 
can, look on the wood as a whole. He has, too, the benefit of companionship. 
The paheabotiuiist meets him, with all the lore of mine and quarry, as one 
ready to exchange counsel ; other workers attend to give or gather information. 

The coniniunity of interest which unites the systematic worker, chiefly con- 
cerned with existing plant-types, and the paljeobotanist, primarily interested 
ill types now extinct, is strengthened by the bond which identity of purpose 
supplies. But tile two are differently circumstanced ; the system atic* wt>rker is 
onlinarily better acquainted with the characters than with the relationships 
of his typt'S ; the yiahuobotanist usually knows more of the relationships of his 
type's than lie doi'S, or (>ver may do, of their charaeters. The material of the 
paheobotanist rarely lets him rely on ordinary descriptive methods in defining 
liis plants; he has to depend Iarg<'ly on anatumi<*al evidenc'c, which supple- 
ments Jiiid eonfirins, but hardly re])laces, the data of (irganograpby. On the 
taxonomic side ilie pala’iobotanist is restricted to pliylogenetic methods; here 
again lu' is 1iandi<’a])])e<l, though less than on the <h'scri])tive side, by the frag- 
mentary <diara<'ter of his specimens. The paheohotauist hardly does more 
tlian the })li.yhigc'nist, hardly as much as the anatomist, towards advancing the 
object all have in common. 

The same coinniiuiity of interest unites in tlu'ir labours the organograpliic 
systematist and the morphologist whose interests are phylogenetic. Here, 
howew'r, tliough the task of thi' two be complementary, the mode of attack is 
so different as almost to mask their identity of ])urposc. Tli.e ('onqiarative 
morplndogist studies the idanes of cleavage indn'ated by salient differenees in 
stnmture ami d.i'velopment. 1’he system he evolves is composed of tlie i'liiitit's, 
sometimes mort'. nr less subji'ctive, that combinations of characters suggest. 
The method in intention, and larg.*ly in effect, passes fi’om the gem'ral to tln^ 
mort^ particular, though the jiron'css is tcmiporcHl by the fact tliat tlu' characters 
used art' derived from sucli types as exhibit them. Thi' wgaimgivipliic sysh*- 
matist, after summiug up the characters whhdi mark individual typi'S, aggre- 
gates these according to their kinds. Having <‘stiinate<I tlu^ fi'titures that 
characterise individual kinds, he aggregates tlu'se according to their fainilies. 
Families arc thereafter aggx’cgatcd in higher groups, and these groups are 
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subjected to further aggregation. The system tluis evolved is composed of 
those entities, always in theory objeetive, that successive aggregations indi- 
cate, and the process is one of constantly widening generalisation. 

' The comparative morphologist, though ghul when his results can be prac- 
tically applied, follows truth for its own sake. His work is thus on a higher 
plane than that of the ovganographic systematise, whose aggregations are 
primarily utilitarian. But the work of the latter is not less valuable because 
its scientific character is inci<lental. Were our knowledge of plant-types 
exhaustive, a generally accepted avtiiieial arrangeniejit of these W(mld be as 
useful to the applied botanist as a professedly natural one. But our know- 
ledge is incomplete, and the accession ami inter<‘alation of new ly]>es renders 
any artificial, and most attempts at a natural, system sooner <ir later unwork- 
able. The more closely an arrangc'uient a})proxiuml('s t(rtlie nafural system, 
the less can the intercalation of Jiew forms affeei its stability. Tlu‘ more 
stable a system is, the more easily will its (hdails lu‘ rmnemlieJ'ed and the more 
useful will It prove in practical refevenee work. Here, (herehn'e, for once, 
self-interest and love of truth go hand in hand. 

Since the organographic systemaiist learns tludr <haracters from his 
groups, while the comparative inor]>h(>logist delint's groups by tlu' eha.rni'ters 
he selects, their results, were knowh'dge c(mi]dete. siumid be id(‘uti<‘al, and this 
identity should prove their accuracy. But kn<nvl(Mlgi‘ is finite, and these 
results are not always uniform. 'I’lu* want of uniformity is, however, often 
exaggerated because the reasons are not always appreciated. 

One cause is the difference in pm’soual ecjuation, whi<h affi-cls alike the 
worker who deals with things and him wh<M*t>nsiders attributi'S. H would be 
conti'ary toexpectvation were every idiyh^geiiist (oassigii tlie sanu‘ valimioeach 
character, or every systematist to apply the same limitation ti> each type or 
group of types. The divergc'iice of view on tlu' pari of two obsema'i's may 
show a small initial angle; it may lU'Vt'rtheless h'uil them to ])osiiioiis far 
apart. But while divergence of view is tlu' most ohviems I'Xplanation of iho, 
want of uniformity apparent in syst(Miiaii(^ W'sults, it is tlu* least ofk'etivo 
cause. This inherent tendeiuy to differ manih'sts itsi'lf in <‘ontraa’y direc- 
tions; in the long run individual variations art' apt toean<*el i‘a('h otlu*?. 

The nature of the work counts for more than the preilis])osit ion of the 
worker. The aggvegatiivns mi 'm’ganogra])hi<‘ liiu's, whi<’h W(*re tin* main 
guides to the composition of the higher groups until ]diyh>g('net ie study was 
seriously undertaken, do not assist: the <‘omparaiive nuu'pliologist. The 
characters on which phylogenetic conclusions may be basi’d incn'ase in value 
in proportion to the width of their iiuddenci*, so tliat tin* gr(*ater their value 
for phylogenetic purpost's tlie 1(*sr do they aid the deseripliv«^ worker in <Iis- 
crimiiiating between one plant-tyjie and another. Offtui tiny are characters 
which for practical reasons th(‘ <lescrjptivi* worktm must avoid. Organo- 
graphy, then, may not give ('vidence as to characters wht'rcof <‘(tgnjsance 
cannot be taken, while for another n*ason th<i (^omjiaralivt* morjdiologisl may 
not use characters derived fnnn descri])iiv(^ sourees. Tlu* objeet of the 
phylogeiiist is to take liis share in advaiieing our knowledge <d' taxommiy ; 
to seek from the systematist the evuh*iu'e on whj<*li his results an* ]uis(‘<l 
would be to vitiate the reasoning of both. All that tlu* phylogeiiist can ask 
the descriptive worker to do is to supply tlu* units that reipiire eJassitleation. 

Theoomparatmmnorphologist, relying mainly on anatnnn<‘al and iunbryo- 
logical evidence, at first had a hope that his method of study might enable 
him to supply his own units and ilu’ivhy rt'iuler furlher taxonornit^ work 
based on organography unnei'cssary. This hope n'lnains iin fill filled, and the 
phylogenist, as a rule, limits his <‘fforts to a narrower field, d’lu* organo- 
graphic systematist realises that in tlie present state of our knowledgi* the 
study of the incidence of selected characters gives more satisfactory ix'sults as 
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regards the composition of the higher phyla than repeated aggregation can 
attain, while the comparative morphologist recognises that, as matters stand, 
the approximations of organography in respect of types and kinds are mope 
satisfactory than any he can yet offer. Since, however, the progress in one 
case is outwards, in the other the reverse, a zone of contact is inevitable. 
This zone, in which the influence of both methods of study is felt, is occupied 
by those groups immediately higher in value than the natural families of 
plants, and it is here that discrepancies in the results attained chiefly manifest 
themselves. These discrepancies take the form of unavoidable differences of 
opinion as regards the composition of collections of natural families. If a 
family A possesses ten characters of ordinal import, whereof it shares eight 
with a family B and only two with a family C, while the characters combined 
in A are, as regards B and C, mutually exclusive, the organographic syste- 
matist is ordinarily induced to group A and B together and to exclude C 
from that particular aggregation of families. If, on the other hand, the 
phylogenist finds that the two characters common to the families A and C are 
met with in other families, B, E, F, he will ordinarily be led to place A, C, 
D, E, F ill the same higher group from which the family B, notwithstanding 
its greater general agreement with A than any of the others, must be excluded. 
This source of discrepancy is, however, less potent than might be expected. 
When the evidence advanced tiy either is very strong, the other worker readily 
accepts it; in doubtful cases mutual accommodation takes place, the one 
worker limiting his groups, the other applying his criteria with less rigidity. 

The healthy disregard for formal consistency which admits of adjustments 
to further practical ends does not, however, alter the fact that a system thus, 
attained can only approximate to the natural arrangement at which both 
workers aim. Gaps in knowledge may be bridged with histological or terato- 
logical aid, or safely crossed with the help of some sudden intuition or happy 
speculation. But the existence of anomalous types and groups serves as a 
reminder that much has yet to be learned with regard to living types, while 
the widest gap in our knowledge of these is a fissure as compared with the 
chasms that confront the palaeontologist. In this the taxonomist of either 
type finds the incentive to further effort. 

The automatic adjustment of differences due to idiosyncrasy, and the 
mutual accommodation of those arising from method of work, still leave 
considerable want of harmony in taxonomic results to be accounted for. 
What appear to be rival systems of classification compete for recognition. 
As each such system professes to be the nearest attainable approximation 
to the natural arrangement, the evidence of a state of dissension and confusion 
in the taxonomic field appears to those unfamiliar with systematic work to be 
incontrovertible. Dissension may be admitted; confusion there is none. 
Pictures of the same subject by different artists may be very unlike, yet 
equally trae ; what appear to be rival systems are only manif estations of one. 

It is not difficult to form a conception of this system ; it is less easy to 
share the conception with others. Let us imagine closed space approxi- 
mately spherical in shape, its surface .studded with symbols that mark the 
relative positions of existing plant-types. Let us imagine the lines of descent 
of all these types to have been definitely traced and effectively mapped. We 
find, starting from near the centre of our sphere, a radiating system of lines ; 
we find these lines to be subject to repeated dichotomy and embranchment 
which may take place at any point ; we find the resultant lines departing from 
the original direction at any angle and in any plane ; we find the nodus^oi any 
individual dichotomy or embranchment capable of serving as the focus of 
origin for a subsidiary system comparable in everything except age wdth tin; 
centre of our sphere, and conceivably exceeding in the multiplicity of its raini- 
flcations the primary system itself. Some only of our Hni's reach tlit^ symbols 
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that stud our spherical surface, though every symbol is the tornhiial of some 
such line. Here a terminal is fairly isolated, and the line it limits goes far 
towards the centre with little or no dichotomy or embranchment. E lsewhere 
our terminals are closely set, the lines they limit running inwards in company 
till some proximate nodus is reached. Moreover, within onr sphere, in the 
abrupt terminals of various lines wo can dimly trace the vestiges of other 
spheres, not always concentric with our present splunv, once studded with 
symbols marking the existence of types now extiind. Imagine further the 
centre of our hypothetical space as not nwessarily primary centre, but 
merely the nodus of some dichotomy or embranchment in a system of which 
ours is but a residuary fi'agment. 

As we are practically limited to superficial delineation, an intelligible 
picture of our system is more than the science of perspective and the art of 
chiaroscuro can be asked to provide. Wbat is unattainable on the flat is 
still more impossible in sequence. Serial presentation invtylves a jxhnt of 
departure; convenience, predilection, hazard, may dictate what this shall be, 
and determine the sequence adopted. The result is not a variety of systems, 
but a series of variants of one system. Oonsiih'ring how <*omplex the problem 
is, the number of variants is remarkably small. In any case the differences 
met with are inconsequent; they do not affect the facts, ami the facts alone 
really count. The trained taxonomist knows that no serial disposition can 
indicate, even vaguely, the relative position and import of all these facts. 
Plane presentation, though more adequate than serial by a dimension, falls 
short of accuracy ; the surface on whicdi tln^ bulk of the fa<'ts may be displayed 
can have no lateral boundary. Even if its presimtation on a globe be 
attempted, the diagram must be incomplete ; many of the points to be shown 
lie beneath the surface. Convention might (overcome tlu' didleulty involved 
in the indication of extinct types, but the diagram would still fail by a 
dimension to demonstrate the descent of the forms supindicially re {> resented. 

Intercourse with the phylogenist, while directly infliumcing the relation- 
ship of the orgiinographic systc'inatist to taxonomy, ha.s indirectly modified 
his attitude towards the diagnosis and limitation of plant-types. Taxonomic 
study based on evidence other than descriptivi^ has stimnlatiul histological 
research and fired the anatomist with an ambition to' rc^phice by his nudhods 
those of organography. It is certainly not for want of industry or care that 
the success of the phylogenist in the taxonomic fudd has not also attended the 
diagnostic work of the anjitomist. This failun' to replace organographic by 
anatomical methods is due to the fact that the (pialities whicli make liisto- 
logical evidence useful in generalisation h^ssim its valiu' in discrimination. 
That anatomical characters may of great us(i won in diagtiosis has hetm 
less fully appreciated than it might hy thos<^ habituated tt^ organographic 
methods. On the other hand, anatomists who have not bentdited by an 
apprenticeship in descriptive study at time's ovi'rlook tlu' fact that fin', value 
of histological evidence in diagnostic work is imiir(‘ct. Oodificaiimi of tht' 
scattered results of systematic anatomy has now shown the des(‘ripflvt‘ worker 
how useful histological methods arc wlu'n skilfully and prop(‘rly ust'd, and 
has at the same time made it apparent to the anatomist that, in nspind* of 
grades lower than ordinal, his methods art' nmrt' fitted for pnx^f than for 
demonstration. Tlieir alliance is now cordial and completix 

While descriptive and anatomical study coirjointly make for a^'iirate 
discrimination, opinion and circumstance comhinc' pn'V(‘nt uniform 
delimitation of plant-forms or ‘ species,^ and no conceivabh^ compromisi' can 
overcome this difficulty. With the term * spotm's ' is hound up a donhl* con- 
troversy— what idea the word conveys, and what; entity tlu; word connnft's. 
Into the first we need not enter; we must assume fhat our ideas are sufTu'iently 
uniform to render the term intelligible. The; second we cannot take tip here ; 
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we must accept the position as we find it, and note, in a spirit of detachment, 
how in actual practice the systematic botanist does delimit his ‘ species.’ In 
doing this we have to discriminate between the effect which observed facts 
produce on different minds, and that which different mental states produce on 
the records of facts. The results obtained may be essentially identical though 
arrived at in difierent ways ; as, however, the results are not always uniform, 
the existence and effect of these two factors must be carefully noted. 

It is rather unusual to find that workers whose powers of observation are 
equal take precisely the same view of every member of a group of nearly 
allied forms. One, from predisposition or accident, is influenced rather by 
the characters whereby the forms differ ; another is more impressed by those 
wherein they agree. In monographic work especially the same worker may 
find himself alternately more alive to the affinities and more struck by the 
discrepancies among related forms. At one time he feels that his difficulties 
may be best solved by recognising all these forms as distinct, at another he 
inclines to the view that they may be but states of one protean species. Where 
the capacity for detecting differences is naturally strong, the disposition is 
towards segregation ; where there is a keen eye for affinities, the reverse. The 
facts in both cases are the same ; their influence on minds in which the faculty 
of observation, though equally developed, has a natural bias in a particular 
direction may thus be different. 

This inherent variation in mental quality, of which the observer may 
personally be unaware, and over which he may have incomplete control, is 
not, however, so potent a factor as a difference in mental attitude, usually 
the result of training or tradition. The existence of two distinct attitudes 
on the part of authors towards their ‘ species ’ is common knowledge. In the 
absence of more suitable terms we may speak of them as the ' parental ’ and 
the ‘ judicial.’ To the parental worker his species are children, whose appeals, 
even when ad misericordiam, are sympathetically received. To the judicial 
worker his species are claimants, whose pretensions must be dispassionately 
weighed. The former treats the recognition of a species as a privilege, the 
exercise of which reflects honour. The latter views this task as a duty, the 
performance of which involves responsibility. With amply characterised 
forms the mental attitude is inconsequent, but when critical forms are 
reviewed it is all-important. Here the benefit of a doubt is the practical basis 
of final decision. This benefit in the case of the parentally disposed worker 
may lead to the recognition of a slenderly endowed species j in the case of 
the judicially inclined, to the incorporation of an admittedly critical form in 
some already described species, the conception of which may thereby be unduly 
modified. 

These attitudes do not in practice divide descriptive workers into two 
definite classes. Some writers display one attitude at one period, the other 
at another period of their career. Occasionally the two alternate more than 
once in a writer’s history. Cases arc known in which one attitude is con- 
sistently adopted towards species of one natural family, the other towards 
species of a different family. 

When want of uniformity in delimitation is due to the varying effect of 
the same facts on different observers there is no room for either praisc', or 
blame. Capacity for appreciating affinities is complmnontai'y to that for 
discrimination. The fact that now one, now the other tendency is more highly 
developed makes for general progress. Wfa'kers in whom the two may bo 
more evenly balanc’d ran strilo' a mean betw('en the discordant resiilis of 
colleagues more highly emlowed than they are in either direction. Rut those 
who possess a capacity for comprmnise <lo not mistake this for riglitoousm'ss : 
they are apt to wish themselves more gifted with the op]iosing qualities <vf 
those whose work they assess. 
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■When cases in which want of uniformity in delimitation due to diflerence 
in mental attitude on the part of independent workers are considered, we 
again find that praise and blame are inappropriate. If both attitudes have 
defects to be guarded against, both have merits that deserve cultivation. 
The defects are patent and rarely overlooked ; ; the careful sj’-stematist, more 
critical of his results than any^one else can be, is alive to the risks whidi 
attend stereotyped treatment, and on his guard against the excesses to 
which this may lead. It is more often forgotten that both attitudes have 
their uses, and that each should be exhibited at appropriate times. Here, 
ho-wever, no middle way is possible ; the mean betwiien the two attitudes has 
the qualities of a base alloy. It is the attitude of indifference, fatal to 
scientific progress, and productive of results that are useless in technical 

The ideal arrangement in monographic study is the collaboration of two 
workers, one highly endowed with the discriminating, the other with the 
aggregating faculty. But for the statement of their joint re.sults both must 
adopt the judicial attitude. On the other hand, in fioristic work, in isolated 
systematic contributions, and in all descriptive work undertaken on behalf 
of economic research, the better because the mon; useful results ai*e supplied 
by workers in whom capacity and attitude combiiu^ to induce tin? recognition 
rather than the reduction of easily characterised forms. 

In the present state of our knowledge uniformity in the i,lelim.itation of 
what are termed ‘ species ’ is unattainable. We are in no danger of forgetting 
this fact ; what we do sometimes overlook is that, circiimstancod as wo are, such 
uniformity is undesirable. The wish to be con.sishmt is laudable; when it 
becomes a craving it blunts the sense of proportion and may ](>ad to verbal 
agreement being mistaken for actual uniformity. The thouglitful syste- 
matist, when he considers this question without pre])ossessif>n, finds that 
forms which in one collocation need only be accorded a subordinate position 
must, under other conditions, rc'ceive separate iwognitioTi. 

The normal effect on specific limitation of tin* c;iusi's that militate against 
uniformity is easily understood, and the re.sulting discr(>pa.ncie.s can bo 
allowed for in statistical statement.s. There are, however, cases wliere the 
capacity for appreciating differential characters or prvints of figrinunent is so 
highly developed as to obscure or even inhibit the complementary <‘apacity. 
The effects are then ultra-normal ; nicety of discrimination exet'c'ds thi‘ ‘ fine 
cutting’ allowable in fioristic work ; aggregation exceeds the litnits useful in 
monography. No common measure is applicable to the resiiHs, and the 
ordinary systematist, who has definite and practical ohjwts in vic^w, expresses 
his impatient disapproval in unmistakable terms. The worlc of those 
addicted to one habit he characterises as ‘ hair-splitting ’ ; that of those who 
adopt the other he speaks of as Mumping.’ The industry displayed in 
elaborating monographs which attribute a thousand sjx'cic^s to'^ genera wherein 
the normal systematist can hardly find a score must often be effort misplaced. 
The same remark applies to the excessive aggregation that substitut'cs for a 
series ^of quite intelligible forms an intricate hierarchy of sub-species, 
varieties, sub-varieties, and races. Orgies of reduct if) n are moreover open to 
an objection from which debauches of differentiation arc frofx Discrimina- 
tion can only be effected as the result of study ; the finer the diwrimi nation, 
the closer this study must be. Reduction offers fatal facilities for slovenly 
work, over which it throws the cloak of an erudition that may be sptxiious. 
When dealing with excessive differentiation the normal systematist is on solid 
ground ; when following extreme reduction he may becotne entangled in a 
morass. Yet workers of both classes only exhibit the defi'cts, for ordinary 
puTpo^s, of striking merits, and there are occasions when, the results that 
each obtains may be of value to science. 
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Its mneilionic quality renders taxonomic work practically useful. Its 
application in economic research does the same for specific determination. 
Economic workers are chiefly interested in useful or harmful species ; toothers 
they would be indifferent were these not liable to be mistaken for such as are 
of direct interest. The identification of economic species and their dis- 
crimination from neutral allies is not always simple; because species that are 
useful or noxious are often those least perfectly known. The qualities that 
render them important frequently first attract attention ; these may be 
associated with particular organs or tissues, and samples of theHe parts alone 
may be available. Ordinarily, when material is incomplete, critical examina- 
tion has to be postponed. In economic work, however, this may not bo 
possible, and the system atist, just as in dealing with arclmeological or fossil 
remains, may here have to make the most of samples and fragments in lieu 
of specimens. Cultural help and anatomical evidence sometimes lead to 
approximate conclusions ; often, however, as with neutral species, definite 
determination must await the communication by the field botanist of adequate 
material. Elven then a <liffi(uilty, comparable with that frequently met with 
in archfeological and palceobotauical study, may be encountered. As archseo- 
logical or fossil material may, owing to the conditions to which it has been 
subjected, look unlike corresponding fresh material of the same or similar 
plants, so may trade samples, owing to special treatment, bear little outward 
resemblance to the same organs and tissues when fresh. 

Wheii material of economic plants is ample another difficulty 7uay be 
encountered. Domesticated species often undergo perplexing variation. In 
studying this variation the systematist may have to se(’k linguistic and 
archyBological help, and be led into ethnological and liist(n'ical by-paths. In 
classifying the forms that such domesticated plants assume he gladly avails 
himself of aid from those whose <“apacity for detecting affinities is unusually 
develope<l. But even with extraneous assistance the systematist, in this field, 
sometimes fails to attain final results. He can, liowever, always pave the 
way for the student of genetics, whose work involves the study of the ‘ species ’ 
as such. As regards forms of economic importance which neither organo- 
graphy nor anatomy can characterise, but which the chemist or biologist can 
fliscriminate, physiol o-gical methods are required to explain the genesis or 
elision of qualities evoked or expunged under particular conditions. 

A highly developed capacity for aggregation, if pr<>])erly controlled, is also 
useful ill the study of plant distribution from a physi(>gra]diical standpoint. 
The systematist shows his sympathy with phytogeographical needs in two 
very ])ractical ways. He declines, out of consideration for the geographical 
botanist, to deal with inadequate material, and for the same reason he refuses, 
in monographic stu<lies, to bo i nflucncod by geogra])hical evidence. The mono- 
grapher is conscious tliat if he pronounces two nearly related forms distinct, 
merely be<*anse tht'y inhabit two<lifferent areas, ho is digging a pit into which 
the ])hytog(‘Ograplier may fall when the hitter has to decide for or against a 
relatioiishi]) betwt'en the floras of these two tracts. But the fact that, with 
existing knowkMlge, uniform delimitation of species is impossible, seriously 
weakens the value of normal systematic results for phytogeographical pur- 
poses. The units termed ‘spewues’ that are most useful in flori.stic and 
cconomu^ study are often too fim‘ly ('ut to serve distrihiiiioiial ends. When 
all existing plant-ty])es have been triatid on mf>nogra])hic lines the results 
may with redad-ive safety bo used by the phyfi^gi'ographer, since errors due to 
personal t'qualion may be regaivhd as self-elimiiialing. As inatfi'rs now 
stand, Inwever, the geographiiml Ixhanist obtains his evidmmti ]')arlly from 
monogra})hs, ])ai’lly from floras, and is apt to ho misliMl, Ycd, (‘vtm in 
floristic work the systennatist sees that the ‘ spe<‘ies ’ whh'h it is his duty to 
recognise often arrange them.selve.s in groups of nmirly allied forms, These 
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groups, whioli need not bo entitled to seetioiuil rank, while very variable as 
regards the number of species they contain, are more uni form than species in 
respect of their mutual relationships. They are therefore more useful than 
species as units for pliytogeographkal purposes. In ^lefiniiig these groups 
the faculty for aggregation is essential, and tli(>se in whom this facidty is 
highly developed may here be prohtably employtHl, even when their discrimi- 
nating powers show a certain amount of atrophy. 

The cases, by no means rare, of woi’kei’K who, with a <‘omparatively poor 
eye for species, dis])lay great talent in their treatment oE geiu'ra, ahord 
indirect but striking pro(»f that the FaciiHy for aggregation may be more 
highly developed than itscomplenieni, and that lliedoininamv of this faculty 
may ensure useful results. Bui tlu' a priori c'xpe<ha,iion that in dealing with 
families this doiuinanee should lu' sHil niort‘ valiuihh' is not liorne out by 
experience, for in this case it is la'cogiiised {fiat, aggregatiim fnis ])i'(hably 
been pushed too far. This error has nol iieeii aiirihulahh* ilu' faculty for 
aggregation so miu'h. as to the evi<len<'e at ils <lisposal ; the eorrtHdive has 
largely been sup])lied by tlu* use of anah»mi<*a.l nullnwls as supplementary to 
organographic data. 

The physiologist in studying pr(K*esses is not always <^]llig(‘(} to take amnuit 
of the identity of the t)la.nts which nw lludr theatres of uelion, lie has at 
hand many readily accessible and stereotyped subjects wll(^Sl' identity is a 
matter of common knowledge, and as his experience iiici’iuises lu' learns that 
he may sometimes neglect tile hlentity even of fliese. 1 f lie asks the systema- 
tist to determine some type on whi(*h his affention is espi'eially fot'used, the 
physiologist only dws this in order that he may he in a p^^siiioll to re})eat all 
the conditions of an cxpciimeni re([uire<{ io vi'rify or nimli fy a coiu-lusioii. 
A passive attitude towards systematic stmly Inis {hushcim crcate<l in {he mind 
of the physiologist ; this passivity has Ikhui inleiisilic<I by ihe fact thn.t the 
direct help which the physiologist <nin rcnnler lo systinnaii^* study is limited. 
Physiological criteria are indeed <Urcctly ap])lii‘<l for <lia.gnosiic purposes iu 
one narrow field, where organograpiiy ami anatomy are synonymous and 
inadequate. But if it be true that the <liagmisti(^ (•hara<Im*s on whi<‘h ihe 
bacteriologist relies belong to some mnncorpusimhir com’omilant of his 
organism, this attempt to apjily physi(^l(lgi<•al ch;u*aciers (o systematic cmls 
has failed. In many cases physiological charathers d(^ inllueitn' tiixoiioinic 
study. Differences in the altcrnaiioii of g('n(‘rn.tions, spe(*i?iiise<l habits con- 
nected with nutrition, pwniliaritiesas regards 'res}m!isi‘ to sliniulalion, valua- 
tion in the matter of protective cndownienis, admit of iipplicution in syste- 
matic work, and are constantly so applied in the ch4ira,cteris;it ion of t‘vcry 
taxonomic grade. But ihe evidemn* as to these charucters reaches the 
systematist through socomlary channels, s(v tinil. ilu' ln'l]) which physiology 
renders is indirisdi, and the passivity <d' ilu‘ ]»hysioh>gisi rmuains nnaffe<'t»Ml. 

This passivity has at last been sliaken by tlu' tlcvelupno'iil of tlu' stmly of 
plant distribution from a ])hysioh^gical standptnni. I’he practical value of 
this study has been affe<dc<l by ihe em])hwm<mi <tf a, terminology nci'dlcssly 
cumbrous for a subject that lends itsi^lf nnidily to sinijih' statimicnt, ami by 
the neglect to explain the status, or verify the hlentity, of the units included 
in its plant associations, A reai-iiou against ihe usi' of crypii<' tmans has now 
set in, and the physiological passivity whicli has led \V(n'kt‘rs in this field to 
ignore systematic canons when identifying the units <liseuss(Ml slnovs signs of 
dmppearing. The mcologist, it is true, must classify his units in a<*<*or<lam’e 
with characters that differ essentially from thost^ on whi<‘h ndiaiiee <‘an he- 
plac^ by the systematist. But the cliaracku's ma'd<‘ use of must, be possessi'd 
by Ms units, and the acologist now realises that, in (‘ffe<-ting his purposi', lu‘ is 
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as immediately dependent on descriptive results as tlie economic worker or the 
geographical botanist, and that, if his work is to eaidure, his determinations 
must be as precise as those of the monographer, his limitations as uniform as 
those of the phytogeographer. The needs of the oecologist are, however, 
peculiar, and his units must be standardised accordingly. QEcological units 
are not the groups of species, uniform as to relationship, which tlie geo- 
graphical botanist req^uires ; nor are they the pragmatical ‘ species ' of 
floristic and economic work. They are the states, now fewer, now more 
numerous, that these floristic ‘species’ assume in response to various 
influences ; and (xcological associations can only be appreciated and explained 
when all such states have been accurately defined and uniformly delimited. 
In accomplishing this task the faculty for detecting differences is the first 
essential, and the physiologist has here provided a field of study wherein 
workers, whose tendency to nicety of discrimination unfits them for normal 
systematic stu<ly, may find ample scope for their peculiar talent, and accom- 
plish work of real and. lasting value. 

We find, then, that the taxonomy of the wider and more general groups is 
now mainly based on phylogenetic study, and is largely scientific in character 
and application. The taxonomy of the narrower and more particular groups, 
based on organographic data supplemented by anatomical evidence, is often 
somewhat empirical in character, and is largely applied for technical pur- 
poses. Among the grades chiefly so applied, the ‘ species ’ is a matter of 
convenience, variously limited in response to special requirements, while the 
‘ family ’ is a matter of judgment, crystallising slowly into definite form as 
evidence accumulates. But the ‘ genus ’ is relatively stable, and, in con- 
sequence of its stability, has long been ‘ a thing of dignity.’ The distinctive 
air thus imparted to botany is best appreciated when a zoological index is 
examined. 

The use of scientific names, more precise than popular terms and mox'e 
convenient than descriptive phrases, facilitates the wm'k of reference in 
applied study. These names are accidents which do not affect the taxonomic 
status of the units to which they are applied, but do, however, reflect the 
want of uniformity in the limitation of these units. The non-systematist 
who has to apply systematic results appreciates that, as knowledge now 
stands, this is unavoidable, and makes allowance for the state of affairs. But 
applied workers complain that, in addition to this, descriptive writers show a 
tendency to care more for names than for the forms ihey connote, and wan- 
'tonly alter the designations of familiar fm'ins. The complaint is just, yet 
the action is not wanton. The temlency in its present form is of recmit 
origin, and, paradoxical as the statement may socin, is the outcome of a wish 
for uniformity and stability in nomenclature. Of these two qualities the 
latter is of more importance in applied work, and therefore the more essential. 
Unfortunately the sysfematist has given a preponderating attention to the 
former, and, in his effort to attain a somewhat purposeless consistmu'y, has 
allowed his sidence to wait u])oii the arts of bihliograidiy. He lias ])laced 
his neck umler a galling and fantastic yoke, for nomenclature, though a good 
and faithful servant, is an exacting and singularly inept master. 

To err is human, and the standard of diagnostic work, high, as it is, falls 
short of the standard whiifli the systematic worker dcsin^s to attain. It is 
this fact that explains the remarkable o])ennoss of mind, and the gri'at reiuli- 
ness to acix'pt con’ection, to whiifli systematic study condm'os. To this also is 
attributable tbe singular freedom of systematic research from the praci,i<‘e 
making capital of the fancied shortcomings of fiAhw-worlaws. Exhibitions 
of this commercial spirit are not altogi fiber unknown, and in oiu^ narrow field, 



12 


TRANSACTIONS OF SECTION K. 


where systemcatic results are practically applied, they are sufficiently common 
to appear characteristic. But they arc contrary to tho traditionai spirit ol 
systematic study, which is uncongenial to the arts of foclame. 

The subject is by no means exhausted. Time, liowuver, forbids more • 
but the purpose of this sketch will have been fultilled if it has helped those 
whose work lies elsewhere to appreciate more clearly wliat systematic study 
tries to accomplish, and to realise tho place it fills in tlie houseliold of our 
common mistress, the Scimf.ia nmahilis. 
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CHAIRMAN OF THE SOB-SECTION. 

The occupant of this chair, in the great annual convention of the promoters 
and appliers of science, cannot fail at the outset of a new session to 
put on record his emphatic endorsement of the claim, so strongly and so 
reasonably pressed by his distinguished pi‘edecessor at Dublin, that dis- 
tinctively agricultural problems, instead of being regarded as a subsidiary 
sub-section of any single division of the Association, should be accorded the 
full dignity and convenience of a ‘ Section.’ Specialised research is to-day 
one of the governing features of scientific inquiry. It is but fitting, there- 
fore, that those who are trying to equip the agriculturist with all the 
knowledge which recent speculation and experiment have to offer for the 
fuller and more economic development of the soil should at least be allotted 
equal space and sectional rank with the engineer, whose problems are dis- 
cussed in Section G, or with the schoolmaster, whose educational methods 
are debated in Section L. 

If there were any counti'y in the world where an apology could legiti- 
mately be offered for relegating agricultural science to a secondary position, 
it is certainly not that in which we meet to-day. In this wide Dominion of 
Canada, in this progressive province of Manitoba, in this great city of 
Winnipeg, where the agricultural industry must dominate the interests of 
the people, hardly any subject in the whole range of study can claim a 
more paramount degree of attention tliair the utilisation of the land for the 
use of man. 

This is by no means a matter which can be disposed of as an occasional 
side-issue in the deliberations of any single Section. If we agriculturists 
have been tardy in coming to be taught by the scientists, we are in earnest 
now in the application for instruction that we make. Neither is it to any 
one science we appeal. Even the stern mathematician or physicist of 
Section A can teach us something, arithmetical and meteorological, for the 
right conduct of our business and the wiser forecasting of our plans. The 
chemists of Section B have, in an infinite variety of tasks, to come to the 
aid of the farmer, and they liavo doubtless much to tell of the imigiti they 
can promise in the dirtetion of fertilising metluKls. SiMiGion (- must be 
raided for the experts who know the contents of the soil itself and its 
capacities Section D may have mucli to pass on to us cmicerning 
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the live stock and the insect enemies of our farms. Section E may 
enli^^hteii us on the world-wide distribution of crops and the new regions 
awaiting the skill of the husbandman. To Section F we look for warnings 
as to the economic conditions and baiTiers which— as we are apt to forget-- 
hedc^e round our industry, and for the statistics which_ must govern the 
varying direction which we give to our enterprise from time to time. The 
mechanical operations of onr calling suggest to us the practical assistance 
which Section G can surely offer. Nor dot‘S even Se<-tion H lie wholly 
remote from the inquiries we may need to make as to the resources of the 
globe and the wants of diverse communities. The physiology of Section I 
opens regions of research quite germane to many of our daily studies. Under 
Section K, as an overlord, we rest to-day assured that if every botanist is 
not a farmer, every fcarmer must in a sense be a imacdh-al botanist, for ever 
face to face with the plant and its environment. Uerha])s also, in common 
with all the rest of the world, we may liave something to our advantage 
(o hear from the pedagogues of Secti(ni F, who may adviso our scientific 
counsellors as to the btJst form in whieii ewen tlie ])rnctical faniu'v may be 
taught. 

Addressing ourselves, however, to the immediate task in the sub-section 
allotted to us," I suggest to you to-day that, having regard io tlie ])laee wlu're 
we meet, I may, as a proper pivlmle to your di-'bates, inviii^ you t(v consider, 
even if only in the broadest way, wliat ar<‘ the lea<}ing factors iliat govern 
the fluctuations of this our industry of agricmlture all llu' world over, and 
in new countries in particular. Tln^ first fa<dor of all is iindoubtcHlly 
population— its growth, its rapidly varying h'H‘.al <listril)uti(>n, ami its 
changing and diversified needs. It is ftn* man that c‘r(>i)s art' raised, 
whether these crops are to furnish foo<l for dirc'ct <‘onsnmpi.ion or for the 
sustenance of live stock, or whether they furnish ns with our elotluTig, like 
the wool and the cotton of other lamls, or with, tlu' matm-ials for slu'lter, as 
the great timber crops which ytnir vast fort'sts hi'rt' may btnir. When we know 
what is the demand at any given place ami tinu'. we shall lit' prejuuvd to 
give a more exact exanunation to tlu^ means of turning out the effective 
supply at the right moment and in the right ))la(*e, be it <d wlnuit, ol meat, 
of fruit, of wool, of .flax, of coiton, or of timla'i*. 

Sir Horace Plunkett told us last summer that be bopc'd to liml in an 
Agricultural Se<!tion ‘some humanised suppleim'iit to tin' se])aratt‘d milk of 
statistics.’ Perhaps he unconsci<vusly refie^-ted in that n'lnark tin' suspicion 
that ill earlier days the agricultural <lehat.es, whi<di, for want of a betier 
place, took place in the Economic ami Statistics St'ction, unduly paraded 
the bare figures of the position. But I myself ('onfess tliat, however mortals 
may shrink from the rigid arbitrament of arithnn‘ti<‘, ru'iiher ihe b'atFing 
of the scientist nor the rliet(n*ical advi<^e of the phil(>S(>])lu'r will lea<l the 
agricultural student of the future, even if he hav<' tlui, luxury <i>f a comph'te 
Section of his own, to any ferl.ile result, unl(^SK he begins by a (F'ar diagnosis 
(if the facts as they stand, on the one hand as reg4ir<l.s populalion, on the 
other as regards prcKluction, We shall by luv means wasie linii' if wt' fry 
to investigate, with some approach to <(xactn<‘ss, what ari' the anas still 
available for extended cultivation, atid who ami wben* are the consnmi'rs 
of our products, and what are their presemt and fuf.un' <lema,n<ls. 

Obviously, howcwei’, in the limits of an A'ddress lilo' this it is im])ractic- 
able to make, in any detail, a world survey such as this im])lit'S, and it is 
only the most patent of the changes in the worhl’s ])opulaiions and their 
agricultural demands which I can put before yon. TIu'H' was 41, tinu' when 
the human family lived in self-contained gnmps, (‘xirnciiug their require- 
ments from the soil which lay aronml them. Ho lately as one I’undr^'d y('ars 
ago there was very little of the international trade in' F(mh1 or otlu'r a.uri<>nl- 
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tural products such as is familiar to our practice to-day. The nations 
largely lived on their own territories, and the world has wide sections still 
where production is limited by local needs. But even a hundred years ago 
or more perpetual questions were emerging as to the time when men should 
have multiplied more rapidly than food. The transportation revolutions of 
the nineteenth century may be almost said to have laid that scare by their 
aid to the mobility alike of the Avorld’s populations and of the world’s 
produce. For the migration of men from dense settlements to open lands 
on the one hand, aiid the transport of their produce to the cities of the old 
world on the other, have simplified, and may simplify still further, the 
solution. It is all a question of distribution. 

If the world holds to-day just twice as many souls (as the best demo- 
graphic authorities seem to assume) as it did only some two generations 
back, this growth lias been by no means uniform, and the development is 
governed and pi'ovoked by the pressure of population on sustenance. Some- 
times, I think, we are apt to forget what Professor Marshall, of Cambridge, 
has so well laid down, that ‘ man is the centre of the problem of production 
as well as that of cmi sumption, and also of that further problem of the 
relation b'etween the two whi<‘h goes by the name of distribution and 
exchange.’ Vastly has the hitter problem been simplified by the giant strides 
the second half of last century has seen in annulling distcance and in 
facilitating transport, till all the worhl bids fair to become a single com- 
munity. Whetlun- the present distinguished British. Ainliassador to the 
United States was right in looking foi-ward to the gradual xmification of 
the type of the world’s inhabitants by the diverse processes of ultimate 
extinction and absorption of inferior races, I think we will agree with him 
that the spread into new regions of conquering or colonising races has 
provoked dt\sir<‘S for, and made pra<tticable the supply of, far more varied 
wants than once were even <‘onteni]dated, or could indeed have been made 
available, while the ]n-o(lucing arenas wore sundered widely from the con- 
suming centres. 

The sixteen hundnyl million .souls this earth of ours now camies are 
at present by no means evenly s})read over its surface, and a population chart 
reveals the most extraordinaiy diversity in the density of the people on the 
soil. More than one-half aw on tlu‘. continent of Asia, and of these a large 
section are densely clnstm’ed in India, China, and Japan. In Europe, where 
the average (hmsity is doable that of Asia, and approximately one-fonrth of 
the worhl’s iiihabih'Uits are gatluued, many portions are nevertheless still 
far less ihi<‘kly peopltsl than the Eastern Stat(?s just named. Populations, 
over any considi‘rabh‘ an^as, excxH'diiig 500 to tlu' .square mile, may he found 
on the world’s map mfi; (mly in parts of the United Kingdom, in Bdgium, 
or in Saxony, but: y(‘t again on th(‘ Uf>wer Canges, on the Chinese c<vast, 
and (wtm in portions id’ the narrow valley of the Nile. But the Indian or 
the Cliinaman are not, broa<lly s]a‘aking, to be rankwl among the eoni- 
munities of wlu<fii Wi‘ are thinking when W(‘ eonceiitrato our attention on 
the increasing transport <J breads! uffs or of meat from the New World to 
the Ohl, whi<*h has become the ))i‘<nninent feature of the agriculture of our 
own day, whaiever aiimiiioii may have to 1 h‘ given to tlie conditions of the 
Far East at some <lisiant date. 

The great nna’ements <d agricuPural pnxlncts whi<;h have sigualisckl tho 
last half-centuri ar(‘ md for the most curnmts of FckkI .su})ply into Asia, 
or inlo A frii'a, i>r Noiih .\im‘ri<ai, <les])it(‘ certain limite<l i‘xc(,>i)tions \vhi<'h 
are just lK*ginning to attract attimtion, as p(»s.sibly hereafter significant in 
the f'a.si‘ of impiU’tsoF wheat into Ja]>an or China, of .Australian nu*at into 
Eastern Asia and Simth .Afn<‘a. The .Asiatic or the African agriculturist 
is ftn* the most pari <‘ontent to (iml the primal v n<ci‘ssit,it‘s of life (dose at 
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hand. It is mainly Europe, and indeed Westeim Europe, that calls to-day 
for the import of breadstuHs or moat or dairy produce. There the growing 
volume of' sea-borne imports' has not only materially influenced the agriculture 
of old settled countries, but at the same time has signalled to the European 
toiler that space and plenty awaits him oversea, and has stimulated the 
development of new spheres of cultivation at a rate which the relatively sparse 
population of the New World, unless largely recruited by immigration, could 
never accomplish. 

I ventured some years ago, from the chair of the Koyal Statistical 
Society, to review the recent changes we have seen in the structure of the 
world’s' populations, and urged the greater wisdom of bringing the men to 
the food rather than the food to the men. TJie centripetal force which was, 
in all parts of the earth and not in the oldest countries only, j)aclcing more 
and more together the human family in vast indnsti'ial c*entres, which drew 
the materials of their handicraft and the hxMl for their maintenance from 
far distant lands, seemed to my judgment a imicli jess .healthy form of 
development than the older centrifugal im]mls(‘ wliich le<l man to move 
himself to the newer regions, wluTe the produce w^as nc^arer to the mouth 
of the consumer, and where he could fullil the oldest obligation of the race 
to go forth and replenish the earth ami sulxlue it. The yi.sion that meets us 
here of ample land awaiting man, cd possibilities of agri<uiltural production 
which can only be realised by well-considered and augmented immigration, 
impresses the visitor from an old and over<‘rowd<Kl country. Before and 
above all speculations of what transport has done, ami may yet do, to carry 
masses of agricultural produce across the ocean, I must claim, as the better 
prospect, a steady settlement of these wide acres by a po])nlation resting on 
the soil which this great Dominion offers, 4iml drawing from it, by a more 
diversified and more general and more wholesome ty])e of farming, a far 
better, and in the long laina more w.onomic, ndurn than tlu‘ men' extraction 
of grain for export can ever promistv. 

Taking the thirteen States of Western and (k'ntral Europi' as an 
example of what I mean, there were added there, in tlu' last. sevt'Uty years of 
the nineteenth century, on a comparatively limibsl surfa<'e, smiu'thing like 
100,000,000 new consumers to the 167,000,000 persons piwiously iH'si<lent on 
the 1,700,000 square miles of territory oc('-upit'd by iliis group of nations. 
These numbers, too, take no count of the emigration whi<'h has lighteiud 
the pressure on the soils of the home lands of Euro])e. (dc‘<irly the main- 
tenance of nearly 70 per cent, more cousunu'rs must liavt' ineaut either a 
vast development of local agricultural pro<lu<d.ion or a vast; demaml u])ou 
the acreage of the new land of the West, or both., dlie defective nature of 
the e<ar'ly statistics obstructs the scnirch one naturally maki's into tiu' (ixtent 
on which these new popiilations on the old lauds haw betm fed <vn larger 
local areas, or from larger yields on non-expansivt' art'as. A<hq)iiiig, there- 
fore, a much shorter range of view, the lihd.irne of a single gi'iieratiou has 
given us 30 per cent, more consumers in Wi'siern ami (k'uiral Emojje than 
were there in 1870, the German element rising ap})arenily by 50 jier (H'ut., 
the Scandinavian, Belgian, and Dutek groiij) of .small naiionalitic's by 
44 per cent., and the United Kingdom by 40 per ctmt. in this inlt'rval, wliile 
these developments were of course reducwl in tludr effw't on the ttdal by the 
slower growth of the Sonth-Wostern nations and the ui'urly stationary ('on- 
dition of France. 

No larger areas, but rather smaller ones, of the <'hi<‘f food grains are 
apparent in Great Britain or Scandinavia or North-Western Europi‘. The 
German areas of wheat and rye show practii^ally Hi.th' changis and alihough, 
if the Hungarian areas are larger in the ct'iitre of Europe, ilu* g<*neral 
movement is not upward in respect of fockl-produeing ari'a. Even in live- 
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stock the numbers scarcely keep pace with population, for although the herds 
and the swine of Western and Central Europe have risen by nearly a fourth 
in the one case and three-fifths in the other, the sheep, except in Great 
Britain, are much fewer now. 

On the average of the first quinquennium of the present century the 
home production of wheat represented only about 20 per cent, of the 
consumption in the United Kingdom or in Holland, 23 per cent, (appa- 
rently) in Belgium, 64 per cent, in Germany, and perhaps 80 per cent, in 
Italy ; and the imported grain to fill the deficits was considerably over 

400.000. 000 bushels. Nearly half of this came, of course, from Eastern 
Europe, and particularly Russia. Such a mass of produce would require 

20.000. 000 acres elsewhere, even if the exporters could raise it, as most 
have certainly not done, at twenty bushels per acre, and nearly double that 
area if the yield was only that of some of our largest exporters to-day. 

The actual reductions of area in Western Europe are not in the aggre- 
gate extensive, although Belgium has seen her grain area shrink from 
30 to 25 per cent, of her total surface, France from 28 to 25*5 per cent., 
and the United Kingdom from 12 to 10 per cent. The grain-growing 
capacity of European States varies greatly, and it would be interesting, 
were the data everywhere available, to see. how far we have distinct evidence 
of an appreciable if not any great advance in the yields extracted from the 
non-expanding areas under the more recent conditions of scientific knowledge. 
Nowhere is so large a share of the total surface under grain as in Roumania, 
an Eastern European State and not inconsiderable wheat exporter, and there, 
at all events, the total grain acreage developed between 1886 and 1906 by 
nearly 25 per cent., and the surface under wheat by 72 per cent. The yield 
there, according to some official reports, was something over fifteen bushels 
per acre in the five years before 1890, and in those ending 1906 it was over 
nineteen bushels— the latest year nearly touching twenty-three bushels ; the 
barley yields of the same State rising from an average in the former quin- 
quennium of thirteen bushels to over nineteen bushels in the latter. 

In Hungary, another European graiji exporter, the wheat acreage has 
been materially developed, rising from over 7,000,000 acres to 9,500,000 in 
twenty years to 1906, and but slightly receding since, while the yields are 
also materially greater. 

France, with a drop in wheat acreage of 1,000,000 out of 17,000,000 acres, 
has between 1884 and 1908 raised the average of her production on a five years’ 
mean from 17*8 bushels to 20*2 bushels, and thus turned out somewhat more 
produce from a lessened surface. 

Germany, on a constant but much smaller wheat area of 4,700,000 acres, 
with a quinquennial average yield of 20*3 bushels, would seem to have 
raised this to 27' 9 in 1899-1903, touching a still higher level in more 
recent seasons, when 30 bushels were ajqDareiitly ap])roached, although some 
changes in her statistical methods of inquiry may slightly reduce this com- 
parison. 

Some effort to feed new mouths from old acres has thus indeed been made. 
Nevertbeless, without disregarding altogether the qualifications winch a 
careful statistician would deem it his duty to admit, one may broadly say 
Western Euro])t' looks mainly for the growing nee<ls of hm: coiisuraers to the 
still ex])()rting States of Eastern Europe, to the Now World regiojis of North 
and South Amcn*ica, and in a minor degree to Australasia. 

Before we quit our session here in Wiiiiii])eg wo may expt'ci to h'arn 
something of scientific interest and of economic guidance res])(‘('f.ing the 
response of Canada to the Old World’s call. But it is not for grain alone 
that densely ])eo])le<i countries turn to tlie new fiehls of the West. Urobably 
the geograp Ideal conditions of our place of assembly this year will nut 
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lead us at all closely into discussion on tlie viiriatioiis in tlie sources and 
fluctuations ill the volume of the wool supply, or that of cotton, but the 
possible development of livestock on the territories of newly settled countries 
may be expected to come well within our purview, and afford us lessons in 
the development of the export trade in meat and dairy products, and the 
relation of the Canadian to the surplus of other States. The Koyal Statis- 
tical Society of London had a paper this summer by an old colleague of 
mine, Mr. E. H. Hooker, wliich, altliough primarily devoted to the supply 
of Great Britain herself, and the price o'f meat in her markets, has a world- 
wide view of what is going on all arouiul us in the conditions of production 
and of transport in a commodity as important to human life as wheat itself. 

Fully a quarter of a century has gone by since, on a former visit to 
Canadian soil at Montreal in 1884, I raised a <lebate on tliis subject of the 
production and consumption of meat, and the varit>u.s conditions of its 
transport. The twenty-five years that have passed since then have not 
rendered that particular topic a less important one for the consumers of old 
countries or the fanners of new, but evm-varying factors are presented by 
the opening of new territories to exploitation and the denser massing of 
accumulated populations with growing needs, and increasing preference 
for the most concentrated form of aliment. Among th.e most recent factors 
to be remembered as influencing one side of the meat trade future arc the 
admissions of qualified experts in the United {States as to the degree in 
which the growth of p<i-pulati{ni there was hegi lining irtMit'li upon the 
meat surplus of that Eejjublic. On the other hand, the jiroducer will not 
fail to bear in mind the rapidly advamdng importatuH' of partially 
developed areas and the great advantage^ of the more ecomnnic forms of 
dead-meat transport now adopted in South America, and will weigh against 
these the degree in which the herds of the vast ]>rairies of Kiu’ib -‘Western 
Canada may be further utilised when <piesii<.nis <d' luiii<Uing economically 
the resultant meat su]3ply may be effectively elaborate<l. 

To-day, however, and here os]>ecially, I'lie cannot but 1 k‘ nmiimlwl that 
in 'whatever direction we look for the ai<l of scjon<*e to .stimulate the 
development of Canadian resources, or to help the producers now in these 
provinces in measuring the probabilities that lie before tlunn, or to sumnnm 
eager emigrants to the laml you have to offer IIumu, ilien^ is an intense <'iiid 
ever-engrossing interest in the ]3resent ami the future of wlu'ai. Alike, 
therefore, to the statistician ami (K^oiioinist on the om* hand, and to the 
experimentalist and investigator on the other, we turn to ask wliat a<lvice 
they can give to the farmer of a new country with, an area so vast as the 
North-West of Camilla presents, whetluvr and Imw far and at. what rate, with 
profit to himself and with benefit to Uu^ bread consunjer across t.lu^ ocean, he 
can push the extension of the well-nigh eight million, am'c^s of wheat land 
which the Dominion claims to show lier visitors in 1909. 

The problem, impm-tautas it is to this ]>articular ri'gion wliert^ we are met, 
cannot, however, rightly be treated as a purtdy (buiadiau ipiestioii. It is a 
problem of world-wide interest and of gri'at magnitude ami more I'omplexiiy 
than has been sometimes recogniseil, fm* it is none (.dlim,* iliun the issue <d 
the race between popnlation and production so far as at least one primary 
essential of human <iiet — bread — is concerned. 

Within a year of the last visit to tliis Dominion of tln‘ Bi-ilisli AssiH-ia- 
tioii the question was raised by no less an authority than tin* t hen Presidt'iit 
of that body at the Bristol meeting of 1898, wlu'Un'r the* possibh* wlmaifields 
of the globe possessed a potential capa<;ity of expansion sullh'it'ut to meet 
tlm hypothetical needs of the bread-eaters of even one generation .ahead ; 
whether, in fact, a dearth of wheat supply was not alnady within sight, and 
by 1931 would be upon us. The suggestion that the wht‘at-pr(,Klucing st>il of 
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the world was already becoming unequal to the strain put upon it by the 
multiplication of men was not unnaturally met by a vigorous criticism. 
The mere suspicion that some day, however, there would not be land enough 
to go round, ' that famine could be averted only by the beneficial magic of 
the chemist, is too vital a possibility — even if some of us do not place the 
date so near or rely so fully on some of the computations made — not to 
command a very careful examination of the remedy propounded, the 
promise of the artificial production of nitrate in such a volume and at such 
a price as would raise the average of the world’s production from 12*7 to 
20, if not even to 30 bushels of wheat per acre. 

The fixation of nitrogen, not as a dream but as a certainty, was, it will 
be remembered, claimed by Sir William Crookes as the condition on which 
the great Cancasian race was to retain its prominence in the world, and 
avoid being squeezed out of existence by races to whom wheaten bread is not 
the ‘ stafi of life.’ 

Personally, I confess I am not so pessimistic as to the surface still 
available for wheat-growing even without this aid. If we grant that the 
so-called contributory areas, at a date two or three years before the close of 
last century, were just what was then stated, that the bread-eating popula- 
tion of that date was rightly guessed at 516,500,000 — much more difficult 
certainty to reach in the manner adopted by the American statistician whose 
figures were adopted — and that both the growth of population and of ‘ unit 
consumption ’ would proceed exactly in the ratio suggested, it may legitir 
mately be asked, does it nevertheless follow that no such increment of area 
can be looked for as would satisfy the larger mass of consumers calculated 
for as likely to be dependent upon wheat in 1911 or 1931 on the scale here 
laid down ? 

I should not, in any statistical investigation into these questions, be 
contented to assume the probability of the exact continuance of previous 
ratios in the rate of prcxliiction, or that of individual consumption over 
such periods, and my experience of very big averages makes me shy of 
ado])tiiig a simple mean of such wide diversities as correctly representing 
the head-rate consumption of wheat. These are points which might be more 
fittingly debated elsewhere. I want to narrow tlie issue Jiow to the actual 
and more recent course of the wheat-growing surface ; for it seems to me 
that the lesson of such figures as we have in the past, and as those of 
Mr. Wood Davis’s tables, is rather one of irregular than of arrested exten- 
sion. The perioflical opening up of new areas, very often in advance of 
consumptive requirements of the time, would seem almost invariably to be 
followed by a pause while prices recover from the over-supply, and that 
agaiii by new develiqoments and exploitation in new directions, or by better 
methods on the areas made tributary to the wants of the ever-increasing men. 

We may admit that the course of the wheat acreage from 1870 to 1884 
and thence onward to 1898 showed— first, a material advance outstripping 
that of ])opulatiou, then an admitted ami serious check, with a subsequent 
advance, although one below that of the bread consumers of the workl. 

Let me ask, however, if a later view of the wheat area at the disi)osal 
of the world’s consumers is not well qualified materially to dimin'isli, if 
not to dissi])ate, the ‘cosmic scare’ Avhich, no doubt contiviry the real 
design of the distinguished chemist who followe<l Mr. Davis’s estimates, 
was induced by the figures of 1898. My own comparisons of the lati'r 
growth of acreagt^ covers only the decade from 1897 to 1907, or as marly 
to these }xars as figures permit, and in the form I originally desigiusl it 
might bring into view something und(u‘ 230,000,000 acres as tluf wtuhl’s 
present extent of wheat-field. But, to place matters on a more <'onii)ai*ative 
level, I am willing to omit the large Indian totals and some few of the 
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distant regions wliicli, partly on account of the somewhat uncertain identity 
of the areas they include at different dates, and partly on account of their 
relatively small contribution to the broad of the Western world, do not find 
a place in the estimates with which I am now making a comparison. For 
the leading groups of other areas the figures stand in millions of acres to 
a single decimal: — 


Groups 

8t)7 

1907 

1 Increase in 10 years 

Russian Empire .... 

46*() 

50-5 

12-9 

United States 


‘15'2 

5-7 

Three chief European Wheat States 

37 0 

B9 8 

2-2 

The Rest of Europe 

20‘ii 

21 d 

'6 

Argentina and Uruguay . 

0 7 

15'0 

8*3 

Canada 

3 0 i 

6 '() 

3'6 

Australasia 

5-0 

1)0 

; TO 

Total .... 

159*h> 


34-3 


Now, whatever be the estimated increase in wheat-eatijig population 
between these two dates, it cannot in the aggregate be 2 I 2 per cent., as is the 
growth of the wheat surface in these States. N or will the result be materially 
affected if allowance were to be made for the three or four million acres repre^ 
sented by the exports of unnamed fStaies in Ihi.s table, or even by the inclusion 
of any minor units of whea.i-growiiig, sin^h as Portugal, or Greece, or 
Switzerland, for which Mr. Wood Davis estimated fr(uu sources not recog- 
nised in our official statistics, their totals being well under a single million 
acres, and the variation, if any, probably iusiginficant. 

If, therefore, the growtli of men ouistrip})e(l the growth of wheat, as 
we have been warned was tin; case lietvveeii 1884 and 1897, the griwth of 
wheatfieids has been well over the rate of population imu'ease. since that 
exceptional period, just as it was in the still earlier period between 1871 
and 1884. Nor is the check to the rye acreage and its dw'liue by 4 per cent., 
which seemed to have happened concurrently with the wheat ehwk between 
1884-1897, continuing ; for that, in the aggregatiN seimi.s to have returned 
to, though it has not perhaps much excce<{e<l, the ohler level. 

Comparisons at single terminal points havt‘ always a danger which 
may be avoided by examining more (‘arefully the leading facts yearly year. 
On the diagram which I introduce Inu'e X have tried, therefore, roughly to 
sketch the curves which indicate the growth of wh(‘ai a(;r(‘age, ))ot-h before and 
since 1898, in Russia, the United States, Argentina, Australia, and Canada, 
as typical of the exporting centres, while tin* mnvage in Franco and 
Hungary has been addal for comparison, TIu‘. (dfwt is, I think, to bring 
out the very much greater exhmsion which has lu'cn going tm <iuring the 
last decade than could well have been loolnsl for on the basis of the 1884-97 
figures. 

For the Russian Empire as a whole data ari^ available only since 
1895, but I have shown by a separate and slea<lily nHumting lino the wheat 
area of the fifty governments of European Russia, which are <‘oniparative 
for the^ entire peri<^, and the latter are quite sidlkdeni to establish my 
conclusion. There is, too, a suggestiveness about the; <‘ours<'f of prices (in 
shiUings per quarter) in England, the chief iHKupituii of wheat exports, 

■ which I have traced by a separate curve across this diagram. 'Tliis may 
perhaps aid those who are disposed to make a <‘loser siinly of the figures. 
That study may not improbably suggest that in the very biit'si ye 4 ir Tor I 
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liave carried the diagram to 1908 where I can — we may be once again 
nearing another check, or temporary halt, in the course of wheat extension, 
such as that which puzzled inquirers more than ten years ago, but which 
proved only a pause in the task of finding all the bread the consumers 
wanted under the stimulus of better prices. The further leap of prices in 
1909 to beyond the 405. limit in England may effectively encourage extension. 
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Acreage of Wheat in. million acres. 


Tear 

Eussian 

Empire 

Of which 
in Euro« 
pean 
Eussia 

XJmbed 

States 

Prance 

Hnn- 

gary 

Argen- 

tina 

Aus- 

tralasia 

Can- 

ada 

1884 



28*9 

39*5 

17*4 

6*8 

0*6 

3-8 

2*4 

1885 


— 

34*2 

17*2 

6*8 

— 




1886 



— 

36*8 

17*2 

3*8 

— 



- 

1887 

— 



37*6 

17*2 

7*3 

— 





1888 

— 

30'6 

37*3 

17*2 

— 

— 




1889 



38*1 

17-4 



3*8 



1890 

— 

— 

36*1 

17*4 

— 

— 

’ 3*7 



1891 

— 

— 

39*9 

14*2 

7*9 

— 

; 3*4 

2*7 

1892 

— 

32*6 

38*6 

17-3 

8*1 

;}’3 

: 3*7 


1893 

— 

32*4 

34*4 

17*6 

8*6 

— 

; 4-0 



1894 

41-6 

32*9 

34*9 

17*3 

8*6 


■ 4-0 

■ 

1896 

42-2 

31*9 

34-0 

17*3 

8*3 

6*1 

:}*6 



1896 

46-9 

34*8 

34*6 

17-0 

i 8*3 



4-0 



1897 

467 

35*6 

38 6 

16*3 ! 

7*4 

— 

4-5 


1898 

47-0 

36*0 

44*1 

17*2 . 

8*2 



6'() 



1899 

497 

38*0 

1 44*6 

JM ' 

8*4 

— 

6 S> 

— 

1900 

52*3 

40*0 

42*5 

17*0 ■ 

8*8 : 



O'O 


1901 

64*3 

41*9 

49-9 

16*8 i 

8*9 ' 

8-3 

5*6 

4*2 

1902 

557 

426 

46*2 

lG-2 ! 

8 9 

8-J 

5*2 ' 


1903 

57'2 

43*8 

49*5 

16*U I 

9 2 , 

9*1 

5-5 


1904 

69-2 

46f) 

44*1 

1 KM . 

9*1 

107 

5*8 



1906 

62-2 

48*1 

47*9 

IIM ' 

il'2 

12*1 

{5*6 



1906 

63*6 

49-0 

47*3 

KM 

9*6 

M-0 

6*3 

. 

1907 

60*0 

46*5 

46*2 

16*3 

8*(5 

1-M 

«M 

6*1 

1908 

— 

— 

47'() 

16'1 

8'6 : 

14*2 

5*1) 

6'6 


importance to the data of single years, the quiiHjiU'nnial avt'i'agt* muvt'rm'iit 
in the States over the whole of the last for(y years may I)(‘ summarised as 
under: — 


Five-year Periods j Acreage in 13, S.A. 


aeroB 

1868-72 19,600,000 

1878-77 26,500,000 

1878-82 36,500,000 

1883-87 37,000,000 

1888-92 38,000,000 

1893-97 36,600,000 

1898-1902 46,600,000 

1903-1907 46,800,000 


Wheat Acreage Levcla 


j Extending rapidly up to 1880 

I Nearly stationary from 1880 to 1896 

} Again extending to maxima reached in 
1901 and 1903, with a later slight 
decline in the latest ytars 


Population in the States has, of course, augmented sttuidily all over the 
forty years, from 37,000,000 to 86,000,000, yet all through the stationary 
years, as well as those of advancing acreage, exports of wlu^at and flour con- 
tinued— as much as a third of the crop being shipped abroad in some years— 
and the transfer of the wheat lands north-westward in the States was 
doubtless the striking feature of the recovery. Kightly to understand the 
revolution in the wheat-growing of certain States of the Union would 
require a treatise fox which time could not be given here. 

liet me, however, recur again to the general position. In the table already 
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given for the past decade the latest increase to be accounted for is 34,000,000 
acres. I ask you to note that the Hussian quota forms more than a third of 
the whole. Now it was Russia that was in a very special degree the subject 
of unfavourable remark in the wheat problem controversy of ten years ago. 
She was spoken of, I remember, as having reduced her consumption of 
bread by 14 per cent., and only by this means continuing her exports in 
defiance of her true needs, and contributing to the rest of the world there- 
fore a merely provisional and precarious excess. I am not aware how the 
calculation here alluded to had been arrived at, nor have statisticians 
perhaps a very robust faith in the estimated numbers of the Russian popula- 
tion before the great census of 1897, but the subsequent history of her 
apparent wheat surplus is interesting. 

The exports of wheat from Russia, which we were warned could not con- 
tinue, and which had doubtless been unusually large bet-ween 1893 and 1898, 
shrank for three years after that date as if they would realise the prophecy 
which would relegate Russia from the ranks of exporters to. the task of 
feeding her own population. But that mysterious empire has since then 
resumed her large supplies, and from 1802 to 1906 the exports ranged higher 
than before. Although forming only 24 per cent, of her estimated wheat 
crop, Russia’s exports averaged 141,000,000 bushels over the first five years 
of this century, against 104,000,000 bushels over the whole preceding 
fifteen years. Quite lately we seem to see some restriction, but the history 
of the trade forbids a confident opinion that she has reached the end of 
her contributions to other lands. 

So far as the areas under wheat are recorded, the Russian agriculturist 
keeps on extending his industry, and, low as the yields may frequently be, 
they are tending upward under, it may be presumed, some reform of the 
very primitive conditions of production. Within the fifty governments of 
European Russia alone, and omitting the Polish or Caucasian figures, 
which do not go so far back, the average area of 29,000,000 acres only in the 
’eighties became 40,000,000 at the close of the century, rising to a maximum 
of 49,000,000 acres in 1906, a point from which a decline was shown in 
1907 to 45,600,000 acres. This, however, even taking the latest and lower 
figure, is an advance of 10,000,000' acres in the last decade, or nearly 30 per 
cent. — surely considerably in advance of even the Russian growth, of popula- 
tion, great as that is. 

It has, I think, not been sufficiently realised that in the two decades 
stretching from 1887 to 1906, European Russia has added 1,000,000 acres of 
wheat per annum. This is not only a 70 per cent, advance in twenty year.s, 
but it is double the absolute area of 10,000,000 acres which the United States 
added in this interval. From such official estimates as are furnished, the 
total produce of these fifty governments, where alone the figures are con- 
tinuous, increased in a still higher ratio. The average production, which 
did not exceed 180, 000, 000 bushels in the five years before 1879, or 226,000,000 
bushels in the quinquennium ending 1889, reached what appears to have 
been a maximum in 1904, and was averaged at 415,000,000 bushels for the 
whole five years’ period then ending. If the later years are again at a lower 
level, they represent very nearly double the produce before 1879. The yield 
per acre, which stood below eight bushels to the acre between 1883 and 1892, 
averaged nine bushels over the next ten years, and has been 10*9, 10*4, and 
11*4 bushels respectively in the three seasons ending 1904. In the south- 
western region, where the yield was just over eleven bushels in the de<'.ade 
ending 1892, it seems to have averaged fifteen in the Rm years ending 1902, 
while over eigl^teen and nineteen bushels were reported in 1903-1904. 

These figures omit the Polish, Caucasian, and Asiatic districts, for 
which a much smaller retrospect is possible. The acreage in Poland is 
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small— little over a milliou— and nearly constant in extent. But the wheat 
of Northern Caucasia, first accounted for in 1894, has risen from 5,600,000 
acres to 8,300,000 in 1906, and the Siberian totals, after increasing, appa- 
rently but slightly, from 3,400,000 acres in 1895 to 4„800,000 acres at the 
close of the century, do not seem much to exceed 5,000,000 acres now. 
Russian wheat production does not therefore seem a wholly arrested process. 

I own I was hardly prepared for this old nation’s ])rogress in wheat- 
growing, and I have no doubt tliat 1 shall be told that Russia has been 
exchanging one form of bread corn for another ; in particular, that depend- 
ence on rye has decreased as prcKhudiou of wheat has grown. There is some 
truth undoubtedly in this, for the comparatively .stationary character of 
the rye area indicates that the Russian people, increasing as they are and 
continuing still an export of rye to Germany and elsewhere, may themselves 
eat somewhat more wheat and ratlua* h;ss rye, and it is true also that a 
fluctuating record has atiendtHl the surface nmler the coarser and larger 
cereal crop. Its 'low-water’ point — 61,900,000 acres — occurs in 1893, 
while its present figure is 66,000,000 aiTes. .Relatively, thi^refore, while the 
rye shows no progress such as wheat, it cannot he said that the rye area has 
been utilised for the more valuable cereal, and the* fad, rmnains that there 
is more rye grown to-day, even in European Russia, than at any date since 
the last decade of last century began. Relatively to poimhition, the avail- 
able data show, the aggregate crops of wheat and rye h.igether, in Russia as 
a whole, are materially greater than befoi'e. 

Inquiry shows that the wheat extension in Russia has been made jiossible 
by an actual addition to the arable land, iind not by dedu<di(ni fixmi other 
crops. A iwent investigation quoted by a comjndent American authority 
informs us that some 23,000,000 acres of new aralile laml lias been accounted 
for between 1881 and 1904, and, moreover, that a greatc^r .snrfn,<‘e of this 
nominally arable area is now mdually under <‘ultivatioji than at the earlier 
date. These figures stand: — 


Year 

Total Arable Tjaiid 

Under Crop 

Wheat 

Rye 


acres 

acres 

acn^B 

acres 

1881 

288,000,000 

174,1500,000 

28, 900, 000 

r)l,(it)0,000 

1904 

310,700,000 

205,900,000 

45, (>00,000 

(>5,000,000 


It will be noted that this inqiiii’y ends a year or two since, but had it 
been continued to 1906 the comparison would have been, accentuated, and 
as it stands the additional area croppovl in ono way or another exceeds 
31,000,000 acres. 

In Mr. Wood Davis’s later inemorjindum he coiuIkiIs the i<.lea that the 
expected wheat crops from four relatively new anas of product, ion - Siberia, 
Argentina, Australasia, and Canada— would nuxit ih(‘ sho.rta,gi' ho found 
threatened by his estimate. Not unnaturally he regarded an 8,i00,000 addi- 
tion of acres in these four regions in fifteen years as a vmy insuflieieiit and 
unpromising quota to feed over ten times that number of new bix'ad-caters 
on the globe between 1883-4 and 1898-9. 

Assuming he rightly gave the increnumt of wheat be.twcon these dates as 
under, if I add to his table the latest data that I have, these new and 
gradually opening areas will show a rate of ])rogress miicli greahu in the 
nine succeeding years than before, even if there was no further increase in 
Siberia; for as to the areas to be incluclod 'there I am ix^iiain. The fi gurus I 
give in millions of acres : — - 
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1883-84 

1898-99 

Fifteen years 
increase 

1907-08 

Nine years 
increase 

Siberia 

2-0 

3*3 

1*3 

3*3 

— 

Argentina . 

1-4 

6*1 

4*7 

14*2 

8*1 

Australasia 

3-2 

4*5 

1*3 

5*6 

1*1 

Canada 

2*4 

3*2 1 

•8 

6*6 

3*4 

Total . . i 

9*0 

17*1 

8*1 

29*7 

12*6 


In the forecasts offered ten years ago Argentina as a wheat-grower was 
given a dozen years from 1898 to reach a possible acreage of 12,000,000 acres. 
She has reached that figure and passed it in less than a decade, and later 
current official estimates seem to concede to that region a close approxima- 
tion to 15,000,000 acres to-day. As the actual pace here has bettered so 
considerably that prophesied, one may legitimately question the further 
limitations which allowed to Argentina no prospect of ever reaching a 
Ivheat area of 30,000,000 acres at any time. That these prophecies by no 
means coincide with later and probably quite similarly vague forecasts in the 
other direction goes without saying. In a recent official publication by the 
U.S.A. Government containing the report of an expert on the resources of 
Argentina and her farming methods, the competitive prospects of the great 
grain-exporting Republic of the South were scarcely so lightly treated, 
For my own part I rather agree with an officer of the Argentine Govern- 
ment there quoted (Sehor Tidblom), who candidly admits that it was 
impossible with any accuracy to forecast the ultimate wheat area of Argen- 
tina, although I observe he adds that there were ‘ more than 80,000,000 acres 
in the Republic that could be immediately devoted to successful wheat- 
farming if we had the farmers to do it.’ I have seen, though I could not 
accept, even more sanguine estimates in other quarters, which, with a yield 
of only ten bushels per acre, promised a crop of 1,238,000,000 bushels at 
some future date, and would involve an area of wheat land approaching 
124,000,000 acres. 

No one, I think, can note the strides which Argentina has taken in 
rapidly augmenting her wheat areas and exports, and that ccnicurrently 
with the commanding place she is assuming as a meat rearer and exporter 
to the older peoples of Europe, without some recognition that a great future 
is possible. On the other hand, apart from climatic conditions, the future 
must be largely governed by the factor of population ; and the nature of the 
Italian immigrants, their mode of culture, their non-intention in many 
instances to remain and own the land or identify themselves with the 
country --preferring to exploit one farm after another and reside on thein 
until they make a small competence wherewith to return to Europe— arc all 
reasons against the extremely favourable prospects whhffi I have here 
adverted to. 

Small relatively to the great extent of surface included in the I'onmiou- 
wealth of Australia is the propoi'tion under wheat, but the Commonwealth 
is none the less as a rule an exporter. A little more than thirty years ago 
only about 1,400,000 acres were grown. This seems to have been a go(Kl 
deal more than doubled in the five years 1876-81, when a much smaller 
rate of increase followe<i for fifteen years— -a check apparently reflecting the 
same tendency to arrest which we have seen so typically illustrated in the 
United States. Again, after 1896, just as in the great Western Re])ubli('. 
wheat-growing became again in favour, and the rapkl spurt whi<'h followe<l 
brought the Commonwealth total to 5,700,000 acj’cs as the ('cntury closed. 
Thereafter the rate of growth seemed checked anew, and after passing 
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a maximum of just under 6,300,000 .acres, it stands to-day under 6,000,000 
acres. Twice during tlie last twenty years lias Australia shown on 
balance a net importation of wheat, but from 1903 to 1907 the q.uantity 
exported has averaged 36,000,000 bushels, and it is not without interest to 
observe that the Australian exports of the present century have not all been 
consumed in Britain— South Africa, the western coasts of South America, 
and even sonm parts of India sharing in the surplus product of the 
Antipodean Continent. 

The conditions and the future of Australian wheat have been quite 
recently dealt with in an interesting paper by Mr. A. E. Humphreys, read 
before the Society of Arts in London. It is here pointed out that the soils 
on which it is grown are rich in assimilable nitrogen, re(puring little 
manurial expenditure in that direction, but poor in their i)ercentage of 
phosphoric acid, while the climatic conditions as regards moisture have 
proved remarkably difficult. Efforts have been made, aiul apparently, if 
recent experiences be confirmed, with success, to breed new varieties of the 
wheat plant adapted to the peculiar climatic conditions of Australia and 
likely to increase the low average yields hitherto obtaiiuMl. It is obvious 
that under Australian conditions the breeding of varieties of the wheat 
plant which will thrive on a low rainfall wouhl make all tlu^ difference to 
Australia as a source of wheat exports. From 1902-1907 the Australian 
average yield was only half that of Manitoba, or nine bushels per acre; 
but this included one year of disastrous drouglit (1902-1903), wherein the 
Commonwealth average fell below 2^ bushels to the acre. In New fclouth 
Wales and Victoria, wherein mure than luilf the acreap* lay, it was even 
below this according to the official figures. Such instance's offer the 
strongest evidence that could be offei'ed of the extrmiu? variability of 
Australian conditions, and make one almost hesitate to ([lude Mr. 
Humphreys’ own cheerful estimate that in the vState of New South Wales 
alone, wherein nearly a third of the Australian acreage is found to-day, or 
1,886,000 acres, there was a possible area of good wheat land of nearly 
ten times this, or 18,000,000 acres. 

To the last I liave left another sphere of wlieat extension, and one that 
will be most of all familiar to my audience. Yet here again the forecast of 
the Canadian future made in 1898 was surely unduly pi'ssimistic. The 
opinion then quoted by Sir William Crookes as that of frust worthy autho- 
rities assigned to the Dominion a bare total of 6,000,000 a(‘res under wheat 
as all that could be expected to be reached within a dozen yiuirs. That 
period has not yet fully come, b\it I observe that by I)(H'C'mber 31, 1908, the. 
official figures show an acreage as reached within the (h'cadcf which ex(’eeds 
by 10 per cent, the maximum allotted to 1910. If T were to add the figure 
now ascertained for the 1909 crop, a total of 7,750,000 acres is now K'ckoned 
upon, so that here again the forecast has been outstrijijn'd. fidio furf-her 
proposal to estimate the maximum of the Oanadiaii potential capacity for 
wheat production by 1923 at no more than 12,000,000 acoH's will therefore, 1 
imagine, meet severe criti&s in Winnipeg to-day. 

I greatly wish that our oontiibutkm to the knowh^lgi' tlu' economic 
future of Canadian development may as the result of <liscussions here, 
some approach to an agreement to avoid all exaggeralioti on ilu^ out' ha, ml 
or on the other in these forecasts of future wlu'at-growiag in the North- 
West; hut I am very conscious of the risk of all Far-ivaclung prophecy in 
a problem where the more or less uncertain growth of the immigrant pt>p\ila- 
tion plays as great a part as the soil or the climate. 

Sir William Cmokes,^in endorsing the most modest t^sti mates of the 
capacity of this region, mentions that he had before him cah’ulations which, 
I think most of us will agree, were, to say the least, exaggeratwl in an 
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opposite direction, attributing to Canada 500,000,000 acres of profitably 
utilisable wheat land. Against such inflated prophecies he argued that the 
whole area employed in both temperate zones of the world for growing all 
the staple food-crops was not more than 580,000,000 acres, and that in no 
country had more than 9 per cent, of the area been devoted to wheat 
culture. But error of estimate in one direction or another is quite inevit- 
able when the available data on which to form a conclusion are so scanty. 
Replying later to journalistic criticism, Sir William, it must be remem- 
bered, acknowledged the undoubted fertility of portions of the North-West 
provinces ; but, basing the conclusion on official meteorological statistics 
and on supplementary data supplied by Mr. Wood Davis as to the July 
and August temperatures of these regions, be suggested that ‘ from one-half 
to one-third only ’ of Manitoba — the south-west portion already fully 
occupied — was adapted to wheat. It was doubtless in the light of these 
climatic records that he inclined to regard 200,000 square miles of the whole 
300,000 square miles comprising Assiniboia, Alberta, and Saskatchewan, 
as these regions were then defined, as lying ‘ outside the districts of profitable 
wheat-growing,’ while even of the remainder it was apparently suggested 
that it would take thirty years from 1898 to place as much as 18,000,000 acres 
•uncle)' all (jrain crnjjs. Can we here to-day, with another ten years’ experi- 
ence, reach a somewhat greater accuracy in this search into the possibilities 
before us ? 

As illustrating the remarkable discordance of view hitherto existing, it is 
well to have before us, as a starting point for debate, some specinieiis of later 
but still most widely varying estimates of the capabilities of this country. 
These I quote from the cautious report rendered by Professor* Mavoi’ to tlic 
British Board of Trade in 1904, midway through the decade now closing. 
More or less speculative as it is fully acknowledged all estimates must be 
which purport to define the area ‘ physically or economically susce])tible of 
wheat production,’ tliat painstaking investigator set aside, as of little value, 
hypothetical curves setting forth the ‘ northern limit of cereal productifui,’ 
reliable data for which ‘ were not forthcoming, and if they were they would 
be constantly changing.’ After enumerating under fourteen different heads 
and sub-heads a formidable list of distinct but materially qualifying ‘ con- 
ditions ’ or factors covering questions of soil, of temperature, and meteoro- 
logy, of moisture, sunshine, and acclimatisation of the plant, Professor 
Mavor suggests that, broadly speaking, the cleavage of the areas of different 
fertility runs obliquely from soutli-cast to north-west tlu’oiigli the great 
quadrilateral of the Canadian North-West. Alike in the north-eastern 
and in the south-western angle the conditions seemed to him raoi’c or loss 
unfavourable. The south-eastern and north-western corners and the belt 
connecting them, however, presented relatively favourable conditions ; an 
exception qualifying this sub-division was, however, suggested in the extreme 
north-west. 

The vagmniess (tf the statistical basis <m which any numerical estimate 
of future wheat areas must rest cannot better be shown than by briefly rtdto*- 
ring to the results of five independent estimates wbi(R are quoted in this 
report. For the di'tails of these estimates it is necessary to redtu' any stmhaii 
of the report to the analysis of each, differing as they do materially in 
their methods and in the classification of the areas comprised within tlu^ 
Manib^ba, Assiniboia, Saskatchewan, and Albt'rt-a of that date. As regards 
the total area for .setthmient and for annual wh(‘?it-growing respeciively, 
the first three of these estimates varied in pladng tlu' surface fit for settle- 
ment or sus<.;eptible of cultivation as low as 92,000,000 a<n'es, and as high 
as 171,000,000, the annual surface available for wheat in these districts 
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ranging from 13,750,000 acres to 42,750,000 acres, and the resultant possible 
produce from 254,000,000 bushels to 812,000,000 bushels. 

It should be added, to make these figures clear, that all the estimators 
quoted assume as a condition precedent to their accomplishment such an 
influx of population and settlement of the country as would be adequate to 
secure the cultivation of the hypothetical cultivable area. 

With Professor Mavor, we may think that both the lower estimates are 
over-cautious and the third perhaps over-sanguine, while most properly he 
reminds us that beyond the physical capacity any region, the question of 
economic advantage remains to be solved, xindor what may be conditions 
prevalent at a distant time, what effect a rise of price might have, and 
whether the farmers of the future would devote so mucli of their land as is 
here suggested, and so much of their working capital, to wheat alone. I 


ought to add that a fourth estimate referred to in the report takes the 
graphic form of a map, distinguishing the suggested area where the wheat 
crop is certain, where less certainty exists from the t‘ffcct of siuniner frosts, 
and where, again, the crop is uncertain from insufllcitmt moisture. Yet 
another estimate was quoted as made in 1892, but endorsed as not over- 
stating possibilities of the futoe in July 1904, and this classified somewhat 
more than half of the land of Manitoba as ‘ land suitable for fanning,’ or 
23,000,00p acres, allotting to the rest of tbe North-West 52,000,000 acres 
more, or in all 75,000,000 acres. Tlie sam(‘ (estimator, foiX‘casting the results 
for 1912 (or three years from the ]m‘sent tinuO, allotted to Manitoba a 
probable wheat production of 168,340,000 bushels, ami to Alberta,, Assinibnia, 
and Saskatchewan 181,600,000 bushels. This erop of 350,000,000 bushels 
of wheat was in addition to an estimate of a further 200,000,000 bushels of 
oats and 50,000,000 bushels of barley. I have little hesitation in coiududiiig, 
with Professor Mavor, that such widtdy diviu'geni rcisulis, arrived at, as we 
are told, by competent estimators, illustratiar*tlu‘ impossibility at the time 
of that report of setting out pre(dse limits of eulivatioii in a region in which 
so much has yet to he done. To-day I would ask, Has tlu* lapse of another 
quinquennium, full of interesting movements in both the jxqmlatioii and 
the crops of the North-West, enabhal us to reach any griuitc'r certainty? 
If so, the opportunity of this meeting affords an occasitui to submit the 
conclusions, optimistic or pessimistic, practiiuil or theoretical, econoiiiic or 
scientific, to the test of friendly and thorough discussion. 

It is a relief to turn from the perplexing variety of these speculations 
as to the future to the relatively more solid ground afforded by the actual 
records of wheat extension here. If the progress of tlu^ ])ast, ami heue once 
again more especially of the very latest (hnuide, is to govt'rn the pruspe(;t of 
the years to come, the wheat area of Panada must still po.ssess a groat 
expansive power. 

There are defects of continuous statistics showing from year to 
year the total acreage of the Dominion, although tlui nnumt good 'work of 
the Census and Statistics Office promises that this will henceforth be 
remedied. But outside of the tlu*ee great wheat-growing .sections— On fario, 
Manitoba, and ihe Nortli-Wcat— th« auvfiwo uiuler -this ccival is not 
matenal. By the latest figures availablu the £(,iu- Eastern I'n.viinvs do not 
now grow 170,000 acres collectively, while the small surface in British 
toiumbia not appearing in the last general Bulletin, was oiilv 15,000 acres 
at the last census. In the roughly skohduHl diagram I insert heiv, therefore, 
0" 97 per cent, of the 6,611,000 acres mvouuted 
conveniently, if only approximately, traced, 
shrinu t ."'^i-ib as in <'Wer setthimeuts, wheat-growing 

SmuLiri! agriculture evolve, is un.eh more than 

compensated for when the acreage of Manitoba, and in later years the 
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rest of the North-West, is superadded, as in the columns of this diagram, 
and the rapidity of the recent extension, which — had the 1909 figures reached 
my hands sooner would have carried the total area far beyond the seven 
million limit — testifies to the energy in the task of bread-raising which this 
hopeful section of the British Empire displays.^ 

But whatever determinations we can reach on the hypothetical ques- 
tions here propounded, whether we may regard the greater rate of wheat- 
field extension in the world at large, which has marked the last decade, as 
disposing of immediate alarm for the bread supply of the next generation, 
or whether we find in the recent whisper of augmenting prices corroboration 
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of the gain of population on subsistence, it is clear that our statistical 
records require a further development ■ and a much improved continuity, 
especially in tlie new regions of the wheat supply of the future. Nor 
yet, again, can wo dispense with the urgent lesson that science has much 
to teach us in making more use than we do of the areas acknowledged 

^ Were the preliminary estimates for 1909 taken into account, the total acreage 
would have been given as 7,750,000 acres— a rise of 1,139,000 acres in tlie latest 
twelve months. This is indeed the net result, for the West has added 1,402,000 
acres— of which 1,289,000 were in Saskatchewan and 113,000 in Alberta— while 
there are declines in the East and in Ontario of an almost exact equivalent of the 
last-quoted figure, or 114,000 acrt^s, and likewise a reduction of as much as 
149,000 acres in Manitoba since 1908. 
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to be iinJer more or less rudimentary cultivation. If Sir William Crookes 
was liM in adopting the American statistician’s average of 12'7 bushels 
per acre as the mean of the recognisable wheat-fields of the world, the 
prospect of the extra seven bushels ho sought as immediately desirable will 
make us eager to learn the very latest triumphs of the laboratory in 
winning for the soil a freer measure of the nitrogen of the air. Even here in 
Manitoba, where a much higher yield seems on the average to be main- 
tained under existing conditions, and where the cultivators with their 
18 bushels average start from a vastly higher level, the promise of such a 
scientific ally should gladdtm the hearts of the hard-working pioneer. 

One caution, however, I feel it my duty to give, as a practical rather 
than a scientific agriculturist. Whatever wonders are offtnod in the way of 
maiiurial adjuncts or mechanical contrivam^es, do not let our advisers over- 
look the paramount consideration of the cost which tln‘ newer systems may 
involve. For the extensive farming of a yonng country it is above all 
requisite to remember that expensive methods of cultivation are not as 
feasible as in the intensive husbandry of old st'ttled regions. I-Iopefnlly as 
we may wait on the chemist’s help, I confess that, for my own part, I 
incline still more confidently to the botanist, uiKh-r wbost^ jegis of ]u*otection 
agriculture has this year been plac(\l by the di-K'ision of the authorities. 
The producer of new and prolific and yet <lisease-rt‘si sting and frost-defying 
breeds of wheat plants is to-day more than ever eiicouragwl by what has been 
done in many lands of late in this direction, to suit the enq) to its environ- 
ment. Nothing could be a greater boon to the wheat farmers, handicapped 
by a short and irregular supply of summer warmth, ami the occasional bnt 
often untimely invasion of the frost fiend, than the ])iT)du(*tion of varieties 
of wheat at once prolific and early ripening, ami suited to the relatively 
scanty moisture of semi-arid regions. What suc(‘ess Oanadiau investiptors, 
with their renowned experimental system, have had in this direction we 
hope to hear at Winnipeg, while some of ns who liav(‘ listened to Professor 
Biffen, of the Agricultural Department of Eambridgo University, look 
for hopeful results from the application of Mbndelian laws fo the breeding 
of wheat. 

In closing, let me add that though it is a quarter of a century since I 
last was here, the message I gave local agriculturists tlum is one I am 
tempted to repeat now. It is no ust^ to treat the vast territories you have at 
your disposal as if they were a rm^re wheat mine to be c^xi)loite(l in all haste 
and without regard to its permammee and its future profitable development. 
It is unwise to proceed as if bread were f.he only it(mi of food requiring 
attention at yonr hands, and to regard a s^msmodie rush, of grain 
for a limited number of years from a poorly tilled surface as the only 
way to profitable returns. The stale maxim of not carrying all 
your eggs in one basket has a v(vry profound truth fu rest upon. 
The farming of the future must iiltimahdy he ono of more <'areful tillage, 
more scientific rotations, and of consideration for the changers in the group- 
ing of population and in the world-wide conditions of rnan ami his varying 
wants. What is going on all over the worhl has to be leartK‘<l aiid sttidicd 
well, and wheat pioneers of the North-West must not forget the ])ossibility 
of yet new competitors arising in the single task of wlu^at-growing, whetln'r 
they are to be looked for in the still developing sections of the Ilnssian 
Empire and the still open levels of Argentina, the little known I’t^gions of 
Manchuria, the basin of the Tigris and Eu])hrat(‘s, th(‘ moix^ completely 
irrigated plains of India, the tablelands of Central Africa, or p(uliaps under 
new conditions and a more developed control of the ri\s('rves of watco' supply 
on the southern shores of the Mediterranean or even in the lon^ tilled valley 
of the Nile. 
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The Educational Factors of Imperialism. 

Among all civilised races and in all epochs .of the world’s history there has 
existed an inveterate belief that the particular age in which men live is 
fundamentally distinct from those that have preceded it. 

Even in the most staj?nant periods the illusion has prevailed that the 
present day is a period of flux and movepient more or less organic, and as 
such either to be wolcnined or to be deplored. 

Notoriously difficult, however, as it is to gauge the temper of an age 
while we live in its midst, yet the phonomona in Enghand at tlie beginning 
of the twentieth century seem so uiiTnistakably marked, that oven a super- 
ficial thinker can hardly fail to recognise the spheres in which the symptoms 
of change and unrest arc clearly operating. They are surely in these two 
— ^tlie sphere of education and the sphere of Imperial sentiment. 

It may not appear inapposite, therefore, if, nieeting as we do in this city 
of phenomenal growth and infinite enterprii^e, our thoughts were to be 
direoted in my inaugural address on the Science of Education towards 
discovering what may be either called the Imperial factors in education, or 
conversely, and perhaps more properly, the educational factors in 
Imperialism. 

It may be perhaps safely said in this great Dominion what might 
possibly be disputed in the academic groves of our ancient English univer- 
sities, that there was no width of educational outlook within pur own little 
island until the last thirty years of the nineteenth century. 

The only strongholds of learning which prt^sumod to give the huul to 
English secondary educ^ation were to be found on the banks of the Isis and 
the Gam. In these antique, I hesitate to say antiquated, fastm^ssos, tlu^ 

' grand <fid fortifying classical curriculum ’ was, till lately, regarded as the 
main, if not the only, highi^oad.to educational salvation. They preserved, 
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indeed they preserve to this day, almost the same entrance bars against 
admission to their thresholds as existed in pre-Reformation days. And, 
conformably with the pursuit of these ideal studies, the vast mass of their 
emoluments were, and still are, appropriated to the pursuit of the ancient 
models of education. 

The result of this monopoly on the lower rungs of the educational ladder 
has been obvious, and, to a scientific thinker, lamentable. The curricula 
of the Public Secondary schools have been narrowed, or rather have never 
been widened coincidently with the development of new spheres of know- 
ledge and enterprise. The students in those institutions have been 
dominated from above, for just as ‘where the carcase is, there will the 
eagles be gathered together,’ so where the emoluments have been, thither 
do the cleverest students concentrate their intellectual forces. 

The ambition of the ablest boys has been inevitably and exclusively 
concentrated on a single line of study, and (as often happens in the minds 
of the young) other no less humane but entirely unendowed departments of 
human knowledge have been laughed down and despised. Opprobrious 
epithets even have been bestowed on the study of the natural sciences, while 
those modern linguistic achievements which opened the door to the 
treasures of French and German literature are still nothing accounted of 
in the great schools of England. 

But (more marvellous than all) even the scientific acquisition of and 
familiarity with the literature of the mother tongue have been entirely 
neglected, because no room could be found for it in a time-table, three- 
quarters of which is confined for the great mass of boy students in the 
historic schools of England (whatever their tastes and capa])ilities) to the 
exclusive study of the grammar, literature, and composition in the 
languages of ancient Greece and Rome. And the particular methods 
pursued in this confined curriculum have rendered the course ,more 
straitened still. The acquisition of the literatures of the two dead 
languages and of the great thoughts buried with them hav(‘ given place to 
a meticulous study of the subtleties of scholarship, and students are taught 
to wanton in the abnormalities of the words and phrasers in which those 
literatures were enshrined, so that in the mind of the classical scholar the 
form has become, or at any rate became till quite lately, more important 
than the substance. 

Nor is this all. Those who cannot find any stomach for such drench- 
ing doses of mediaeval learning arc actually driven away prematurely as 
lost souls from those moss-growu seats of learning, which we acclaim as the 
great public schools of England ; and, with moral charact(%rs only half- 
fledged, have either been condemned to the limbo of private tuition or sent 
as ‘ submerged tenths ’ to find, or lose, their fortunes in the great depen- 
dencies and dominions of the Empire like that in which T am speaking 
to-day. There has been no serious attempt made till the twentieth century 
by the leaders of our best-known places of secondary education to discover 
the bents and aptitudes of the hoys committed to their charge and to give 
them any educational chance, if they have not poss(‘ss(Hl that particular 
kind of perception which could find its way through the subtleties of a 
Euripides or a Horace. Boys have been entirely denied the opportunity 
of showing their mental powers in any other sphere of learning. How 
many unsung Hampdens or mute inglorious Miltons of mechanical genius 
have been lost to the world by the non-elastic systems prevailing (even now) 
in OUT best-known educational institutions, is a tremendous responsibility 
for conscientious trainers of the young to contemplate and atone for. 

In how many, or rather how few, places of learning in England, at the 
present time, can the establishment of scientifically equipped carpentering 
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and engineering shops be found, in which a young mind which finds it im- 
possible to digest the crude morsels of Latin and Greek grammar can find 
resource and development ? In how few schools has the connection between 
mind and hand and eye been scientifically trained? Such establishments, 
even in the first decade of the twentieth century, can be counted on the 
fingers of one hand. 

And yet, in spite of it all, the surprising fact remains — a fact which 
speaks volumes for the innate vigour and originality of the English race — 
that, out of the stream of young men which flows out annually from our 
public schools ^ and colleges, so many accommodate themselves as happily 
as they do to the startlingly new conditions which confront them when they 
pass over the seas, and swell the tide of population in great centres of 
industry and enterprise such as that in which we stand to-day. Their 
educational vision, however, has had such a narrow and limited horizon 
that no wonder a large proportion are not very adaptable to the 
practical life of the prairie and the forest, or even of the counting- 
house and the office stool. Am I, or am I not correct in hazarding 
the conjecture that many specimens of this really fine English breed from 
the old country come to you here in this Dominion without an elementary 
knowledge of the laws of the world in which they live, full of antiquated 
prejudice and tradition, derived principally from the straitened area of 
their island-home experience, so that not seldom they put their hand to the 
plough (either literally or metaphorically) and look back, becoming wastrels 
instead of forceful citizens in this ever-widening Empire. ‘ No English 
need apply ’ has been, if I mistake not, written as a memorandum inside the 
breast of more than one leader of industry in this great continent, and small 
wonder is it when the cramping character of the ultra:medi8eval training 
which our young men have received at some of our historical public secondary 
schools in England is taken into account. 

What remedy (you may ask) have I to propose ? My answer is this : 1 
want to force upon the attention of English educationists certain Imperial 
factors which should occupy an indispensable place in the educational 
curricula of the great schools in the Mother Country. 

I would give a prominent place to the scientific teaching of geography, 
and particularly to historical geography, with special reference, of course, 
to the origin, growth, and progress of the British Empire. Such a volume 
as the ‘ Sketch of a Historical Geography,' by Keith Johnston, should be 
placed in the hands of every boy, and be known by him from cover to cover. 
It can hardly bo realised that in many of our great classical schools to this 
day not more than one or at most two hours a week are devoted to this 
subject, and that it is often not taught at all beyond the middle classes in a 
school. 

Again, I would enforce an elementary knowledge of science on every 
boy who passes through the stage of secondary education. 

I am aware that many hard things have been said about the teaching 
of science in secondary education. A learned professor, who is the Presi- 
dent of another Section of the Association, has passed his opinion that, as 
taught in our schools, it has proved of little practical or educational value. 
But because the methods tmiployed have been halting, insufficient, and 
unscientific, it by no mc^ans follows that it should be left out of the category 
of school subjects. On the contrary, it ap])ears astounding that two-tliirds 
of the public school boys of England should grow to man’s estate without 
even an elementary knowledge of the laws of the world in which they livii. 

1 It should be noted in the forefront of this address that the expression 
‘ public schools ’ is used throughout in its English (not in its more proper and 
American) sense— i.e., as the educational centres of the upper classes. 
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Lord Avebury, ' in Iris Presidential Address at the International Moral 
Education Meeting held in 'London last autumn, told his audience an 
amusing story of how, walking back one beautiful summer night from the 
House of Commons arm-in-arm with a leading luminary on the Government 
benches, his companion, who had been 'at Eton and Oxford, gazing at the 
greater luminary in the heavens, pensively observed : ‘ I wonder, my dear 
Lubbock, whether we shall ever know' why the moon changes her shape once 
a week 'at least ? ’ 

To one who aspires to seek his fortune in the wide and half-unexplored 
continents ' of Greater Britain the value of the knowledge of chemistry, 
geology, botany, and arboriculture, can hardly' be over-estimated. And yet 
many present here could bear critical witness to the fact that a large propor- 
tion of young men go out to the North-West totally unetiuipped after their 
public school training with even the most elementary knowledge of those 
‘departments of science to which I have alluded. No wonder, again, ‘ No 
English need apply.’ Every youth we e.xport to you ought educationally to 
bear this label on his back : ‘ Every seed tested before being sent out.’ 

■ But above and beyond all there should be brought into tlio foreground 
■ a co-ordinated study of English language and English literature. Nothing 
impressed me more in my visit to the United States in 1903 as one of the 
Mosely Commission, than to observe 'how greatly the cultivated classes in the 
Federation outstripped our island-bred people in the facility and power 
with which they manipulated the English tongue. Awkwardness, poverty 
of expression, ■ and starameriug utterance mark many Englishmen of high 
academic distinction. But the American who, on account of the incessant 
tide of immigration, has to assimilate the congeries of all the nations of the 
earth in the shbrtest possible space of time, lias so co-onlinated the study 
of his ancestral tongue in the schools of his country, that the pupil emerges 
completely equipped for the use of persuasive and urai.oi'ical language 
wherein to express his thoughts and wherewith to gain his ends. 

' In connection with this may I add that it was, indeed, a happy augury 
that,_ at the eve of the meeting of the British Assixiaiion in this great 
Dominion, there should have bi^en a gathering of delegatt's of the Imperial 
Press in the centre of our small island home. ‘ Little they know of 
England, who only England know.’ The plumomcmal, or ratlior abysmal 
ignorance of the geography and of the vastiiess of the piaxluctive power of ' the 
British Empire which exists among the upper and middle classes in 
England would be ludicrous if it were not so d(q)loral)le. The loyalty and 
devotion of the Colonies, right unto tho utmost corner of thes cxirth, admit 
. of no dispute. It is observable on every hand and in every national crisis. 
The doubt is of the loyalty of the centre of the Empire towards its 
extremities, through the crass ignorance which oxist.s as to tho geographical 
and political meaning of that Empire. I would annihilate that 
ignorance, as aforesaid, by putting political, historical, and physical 
. geography in the forefront of our educational system; by hriures from 
your able men in Canada, or Australia, and South Africa, vivified by lantern 
.slides, and encouraged and endowed by the Moilier Country. 1 would bring 
all visible means of presentment to boar on the education cd <‘h,ihUiood, boy- 
hood, and youth in the Motherland. 

^ Let me touch on one further educational factor of Iinp(n'ialisni. The 
sph'timent of pa'fcriotism, unlike that of charity, is not equally rapalilo of 
Indefinite intension and extension. The peculiar syshun of education which 
nnds vogue in England in most of our greatest institutions - the institutions 
irom which are drkwn the future leaders of tho nation -is, as everyone 
knows, the 'bairack system, otherwise called the. hoarding system. It is not 
the time dr place here to enlarge oh the obvious advantages of that system, 
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its unique characteristics, its power of moulding character and developing 
enterprise. But it has its cramping and contining side — it has a tendency 
to localise' patriotism, to narrow a young man’s mental horizon, and to 
ignore whatever lies outside its immediate survey. Hence the abnormal 
and gladiatorial devotion to games and comparatively selfish amusements, 
which absorb, and, in my opinion, not seldom paralyse and stifle -wider, 
more generous, more enlightened — in fine, more Imperial instincts. How- 
ever much in the field of sports the individual youth may subordinate his 
own self-regarding impulses to the welfare of the tiny community for which 
he is exercising his energies, his horizon is not wide enough to bid him 
rise to a sentiment of self-sacrifice and self-abandonment on behalf of a 
greater and more abstract ideal — ^love of Fatherland and loyalty to Empire. 

But it is a welcome thing to be able to point to a larger sentiment lately 
awakened in this direction. There is no doubt that the patriotic spirit in 
our schools and colleges has, from whatever cause, received a great impetus 
in the last two years, and that the general principles of an intelligent 
defence of our shores from foreign aggression have been taught and 
construed into terms of scientific training and co-operative action with a 
rapidity equally surprising and welcome to those who, a few years ago, 
looked with something more than apprehension on the suj)ineness of the 
youth of England in all patriotic regards. 

‘ The flannelled fool and muddied oaf,’ 

though they have not yet received their quietus, have been less rampant lately 
in our educational institutions, and something like an Imperial instinct, born 
of increasing knowledge both of the glory and dangers of our vast Empire, 
has, at least in the more cultured classes, taken the place of apathy, dis- 
regard, and ignorance. In hours formerly lavished to an abnormal extent 
on trivial amusements, and even in hours hitherto devoted to more academi- 
cally intellectual training, we And young men in our schools and colleges 
now with arms in their hands, shooting, signalling, scouting, and studying 
scientiflcally the art of defensive warfare. This at least is ‘ a beam in 
darkness, of which we pray that it may grow. ’ 

Time and your patience will not allow me to touch on more than the 
fringe of the great educational problems which have to be solved before 
we can approach in English education to what I venture to call the ideal 
of Imperial responsibility. 

In criticising the old medijeval system of education which prevailed in 
England till comparatively recent years, and which still has far too great a 
hold on the more venerable and important institutions of our island home, 
I would not have you suppose that I am an advocate of a complete, or even 
approximately complete, basis of ntilitarian cKlucation. It is an easy charge 
for those who desire super (ruHquas rias, to throw in one’s teeth. I 
have little hesitation in expressing my belief that the time has come (and 1 
speak as one whosi‘ training was that of a classical scholar, for I was brought 
up in the straitost sect of academical Pharisees) — I say I have no hesitation 
in expressing my belief that the time has come, not only that the study of 
the two anciimt languages shoxild be reduced to one for all ex<xfpt sdiolastic 
specialists, but also that both should yield pride of place in our educational 
system to the claims of English, modern languages, mathematics, natural 
science, and, not least, manual training, so that our young men should be 
fitly c‘qui}>ped to put their hand to any work which nmy confront tlu^m 
amid all the coni])! ex probhuns and critical situations to be found within the 
world-wide boundaries of the British Empire. 

Germany, France, and the United Stat(‘s have been beforehand with ms 
in the working out of such a rofornud systt^m of education. T am by no 

L~2 
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means one of those who believe that we should be wise in copying the 
methods in their entirety of any of these three peoples in their educational 
methods. Undoubtedly in all three there has been a more organised 
connection between the actual teaching given in their respective 
schools and the industrial, social, and political needs of the respective 
peoples. But no one nation is exactly like another nation in its 
temper and genius, and 1 should be sorry to advocate, for instance 
the highly organised system of State education in Uermany, under 
which it could be predicted to a certainty that boys and girls in every 
secondary or primary school on any given Friday morning should be studying 
(say) the geographical importance of Natal or the outlines of the coast of 
Lincolnshire. There must be many educational difh'rences, because the 
idiosyncrasies of each nation differ fr*om those of another, and I do not think 
we need ever fear that our intrinsic individuality will be ('rushed into any 
Teutonic cast-iron mould or ground down bencmtli the heel of some bureau- 
cratic educational despotism. But that we ouglit to change our ways still 
more than we have, and adopt saner educational models, many searchings 
of heart through a long educational career have gradually, but overwhelm- 
ingly, convinced me. If we are apt to think, speak, an<l act Imperiadly, our 
education must take form from a strong Imperial seuliiiKmt, and must aim 
at instilling Imperial instincts in the young lives which that education is 
meant to control and develop. 

I have spoken hitherto of this subji'ct mainly from the ])(>int of view of 
secondary education, with which 1 am the most conversant ; not only for 
that reason, however, but because most of those who art' (k'stinod to proceed 
to the distant oixtlying parts of the British Enqiire, and, wlien there, to 
take prominent parts in the development of that Em])ire, obtain their 
educational equipment from the secondary schools of England. It is theiv- 
fore, on curricula offered or desiderated in them that I have exclusively 
dwelt. But I do not blink the fact that the proper educational organisation 
of onr elementary schools, on the one hand, and of our universities on the 
other, exercises a large influence on the solution of Imperial problems. 

On elementary education, however, I do not ])ro|>ose to tow'h in this 
address, mainly because I look forward to experts in primary schools directing 
the thoughts of this Association more directly to them. But I will touch with 
great brevity on the subject of University edm^ation. 

Whether Oxford and Cambridge—particnlarly Oxford—will ever so 
reform themselves as to contribute largely to su(!h solution remains to be 
seen. Personally, I look with far greater confith'uce to the more recently 
organised^ universities— those of London, Leeds, Sh<‘fii(‘ld, Manchester, 
and the like — to equip men educationally with thosc^ moral, physical, and 
intellectual qualities which are most in requisition in our great dependencies 
and commonwealths. 

Such institutions, from their newness, their eag(^rness, their freedom 
from antiquated prejudices and vested interests, are more likely to be counted 
upon for many years to come to send forth a stream of young men who 
have learned in the school of hardness to face the difficulties and to adapt 
themselves to the austere conditions which are inseparable from life in un- 
worked regions and half-discovered continents. And it is at once a hopeful 
and inspiring thought that the great Dominion of Canada will wcdcome such 
to herself as sufficient and efficient citizens of her all but boundh^ss territories, 
that she will recognise in them ‘bone of her bone and flesh of her flesh,’ 
physically, mentally, and morally capable, in company with those of her 
own sons who have long settled in the land, of (ixtomling the bordevrs of the 
Empire by enlarging its resources, and of lifting, securing, and consoli- 
dating thereby the destinies of the Anglo-Saxon race. 
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There is still one more educational factor on which I would ask 
attention before I close this address. It is this— the necessity of 
a closer touch educationally (in the sense of ‘ academically ’) between 
the secondary schools and colleges of the Mother Country and similar 
institutions in the great Dominion and commonwealths which own 
her parentage. How this can be effected without great modifica- 
tion of our existing English system it is hard to see. But one point is quite 
clear. We must give up that part of our system which insists on choking 
the passage of the student from point to point in his educational career by 
subjecting him to countless examinations on entrance and throughout his 
academical course. It would be of incalculable advantage to the Empire at 
large if an extension of educational intercommunion, such as was inaugurated 
by the noble benefactions of the late Cecil Rhodes, could- be secured through- 
out the Empire. Undoubtedly examination would be the surest test for 
determining the question of the admission of a student to the privileges of 
further educatioUj if such examination could be conducted within a limited 
geographical area. But it is quite an impossible system if adopted as 
between the outlying parts of a great empire. The United States of America 
have taught us a better way. Eor instance, in the State of Minnesota, the 
university has legislated that if and when the Principal of a high school of 
recognised position certifies that a student has successfully pursued for a 
specified length of time those studies in that high school that would entitle 
him to admission to the university, he should be admitted thereto without 
further delay or hindrance. What a paralysing curse the Charybdis of 
examination has been to all true learning, only those who have suffered 
from it for thirty years can bear adequate testimony. It would be one of 
the most fertilising sources from which to secure good and progressive citizens, 
if instead of admitting within her borders all or any who came of their own 
spontaneity or from compulsion (leaving their country perchance for their 
country's good) the Government authorities in the Dominion could get into 
closer touch with the educational authorities of the Mother Country, 
who would act as guarantee that the material sent out by the Mother 
Country should be of an approved and first-rate quality. This might be 
worked on the American ‘ accredited school ’ system, under which the 
authorities of the school sending the pupil should feel the maximum of 
responsibility in recommending his admission to the academical, or the 
technical, or the industrial organisations existing in the Dominion. 

Since penning the first sentences of the above paragraph last June my 
eye has been caught by a notice which appeared in the columns of the ‘ Times ' 
on the 28th day of that montb while I was engaged in the very act of 
correcting the proofs of this address ; but I prefer to leave the paragraph 
written as it stands, as the notice in question is an eloquent commentary on 
my suggestion of educational intercommunion. 

I may, perhaps, be allowed to read the extract from the ‘ Times ’ verbatim, 
though it may be familiar to some at least among my audience. It is headed 
‘ International Interchange of Students — a New Movement,’ 


‘We have received,’ says the ‘Times,’ ‘the following interesting par- 
ticulars of a new educational movement to provide for the interchange of 
University students among the English-speaking peoples : — 

‘ The object is to provide opportunities for as many as possible of the 
educated youth of the United Kingdom, Canada, and the United States (who, 
it is reasonable to suppose, will become leaders in thought, action, civic and 
national governnnmt in the future) to obtain some real insight into the life, 
customs, and progress of other nations at a time when their own opinions are 
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forming, with a minimum of inconvenience to their academic work and the 
least possible expense, with a view to broadening their conceptions and render- 
ing them of greater economic and social value, such knowledge being, it is 
believed, essential for effectual leadership. 

‘ The additional objects of the movement are to increase the value and 
efficiency of, as well as to extend, present University training by the provision 
of certain Travelling Scholarships for practical observation in other countries 
under suitable guidance. These scholarships will enable those students to 
benefit who might otJierwise be unable to do so through financial restrictions. 
It also enables the administration to exercise greater power of direction in the 
form the travel is to take. In addition to academic qualifications, the selected 
candidate should be what is popularly known as an “ all-round ” man ; the 
selection to be along the lines of the Rhodes Scholarships. 

‘ The further objects are to extend the influence of such education in- 
directly among the men who are not selected as scholars (through intercourse 
with those who have travelled) by systematic arrangements of the periods’ 
eligibility while they are still undergraduates. 

‘ To promote interest in imperial, international, and donu'stic relations, 
civic and social problems, and to foster a mutual sympathy and understanding 
imperially and internationally among students. 

‘To afford technical and industrial students facilities to examine into 
questions of particular interest to them in manufactures, etc. , by observation 
in other countries and by j^roviding them with introductions to leaders in 
industrial activity. 

‘ To promote interest in travel as an educational factor among the 
authorities of Universities, with a view to the possibility of some kind of such 
training being included in the regular curricula. 

‘ To promote interest in other Universities, their aims and stiulent life, 
the compulsory physical training, and methods of working their ways througli 
college, for example, being valuable |)oints for investigation. 

‘ To promote international interchange for academic work among English- 
speaking Universities ; and, in the case of the British Empirt^, to afford 
facilities for students of one division to gain, under favourable cinmnistaiu'es, 
information relative to the needs, development, and potentialiti(‘S of other 
divisions ; and to promote an academic interchange of students among the 
Universities of the Empire. 

‘ As already indicated, there is a widespread interest in the movmmmts si> 
far as the United Kingdom is concerned ; while in Canada and the l‘)nitt‘d 
States there is also a widespread recognition of the value (»f the sctheine ; ami 
although committees have not been actually organised there as in tiiis country, 
a very large body of the most prominent educationists are strongly in favour 
of the plan, and liave promised their co-operation if the scheme is iinanct'd, 

‘ It is proposed to establish two students’ travelling bureaux, one in Kt'w 
York and one in London ; an American secretary (resident in New York) ajid 
a British secretary (resident in London), both of whom shall In* (mlhgt* nu'ii 
appointed to afford every facility to any graduate or undergraflnalxMif any 
University who wishes to visit the United Stales, Canada, or tlu* Uni<(‘Ii 
Kingdom for the purpose of obtaining an insight into the sfndent, national 
and industrial life of those countries. The Imreanx will undertake the work 
of providing information relating to United States, Cajia<lian, British, and 
other English-speaking Universities for the use of students, undergraduates, 
and others. They will also provide information relating to (*duc;il innad tojirs 
oi any description in English-.speaking countries, and tlu^ arrang(‘nh‘nt id 
tours suitable to the needs of the inquirer with a view to Ins ol .lain ini' tin* 
greatest facilities for education with a minim urn of expense. Furthermore it 
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will be tbeir duty to provide iiiforination, as to. the best places for the study 
of educational, governmental, industrial, .and social problems in the United 
States, Canada, the United : Kingdom, and other parts of the Empire, as 
well as to provide introductions to leaders in , the . above-named spheres of 
activity, besides undertaking the organisation and conduct of special tours 
for educational purposes, if necessary. 

‘ It is proposed to provide 28 travelling scholarships, 14 of tihese- being 
available for Universities, in the United .Kingdom, 10 for Universities, 
America and four for Universities in Canada. The. arrangements, will j>e 
controlled by general committees, one. for the, United, Kingdom, and qpe for 
Canada and the United States, unless it is found necessary to inaugurate a 
separate committee for each of the latter.’ 


You will observe then that a scheme which- 1, had ventured ,to sugge;Sf 
as being ‘of incalculable advantage to the Empire had, before, I wrote 
the words quoted, been advocated entirely without my knowledge by a bedy 
of influential educational leaders in, England, whose names were appended 
to the notice which I have read ; and I need only add that it is quite certain 
that I am interpreting the sentiments of all here assembled in wishing 
Cod-speed to the . development of .the scheme,, which seems, likely to, prove, 
if carried into effect, a great, if not the greatest, educational factor of 
Imperialism. 

But it may be, objected -here, Is not your own. horizon eirciimscribed ? 
Why should educational ideals be limited, even by so extended a conception 
as Imperialism ? Should not the ultimate aim of all education be, not the 
fe(h.a*ation of one race only,, but the federation of the world, at large — the 
brotherhood of man? 

I am not concerned to deny that such a lofty conception is the true 
end of all physical, moral, and mental training. 

But if tile master mind of a Milton was content to define true education 
to be ‘ that which .fits a man to perform justly, skilfully and magnanimously 
all the oflices, liuth public and private, of peace and war,’ it may well suffice 
us i f we extend our (at present) too narrow conceptions (the. aim ,o£ ^hich. 
secmis to be the cultivation of a mere island patriotism) to a sphere which 
has feu its end the imperialistiG sentiment of a whole race. 

It may indeed be well doubted whether a race-§entiment is 
m.)t an ultimate factor beyond which it is impossible in an imperfect 
world to go. Universal philanthropy in its most catholic sense is a 
s(miiment whicli the limitecl conditions of the earth’s surface seem to render 
impossibU*. Ah long as men’s ambitions are an unlimited quantity, and as 
long as the habitable globe remains, as it ever must remain, a limited 
quantity, so lung will the populations of the world be continually liable to 
shifting iii<,wem(‘nts and frequent dislocations. Practical educationists, 
then, must im'viiably coidiiio the scientific consideration of aims and 
methods in <Mlm‘ai.io.n to the development of the highest interests of their 
race ratluu’ than (,if ruankiiid at large. 

And that being so, the last point on which I would insist in dealing with 
the edw'ational factors of lm])enalism is to emphasise the impirtaiice of 
what the (‘ihicationists of the United States call ‘civics’ as the binding 
poWiU' which sliould fasten together all the separate educational faggots in 
any Im|)(‘rial st'Iumie of c'<Iu<*ation the duty of personal service to the State, 
poHitiv(‘ oliligation which mak(‘s us all niembovs incorporate in one 
Imperial system. In our love of imlivklnal {rew.lom, in our jealousy of inter- 
feiamco with <mr imlividiial liberty of action, iji our insular disregard and 
depreciation of intellectual forces working in our sister communities beyond 
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the seas, we have lost sight of this civic responsibility which has ever lain 
on our shoulders and from which we can never dissociate ourselves, so long 
as Qur Empire remains as part of our ancestral heritage. 

It is this positive duty towards each other and our race beyond the seas 
which those who live in our island home have been slow in realising, and it 
has been a real blot on onr educational system that such ideas as imperial 
responsibility and Imperial necessities have not been inculcated in the young 
people in our schools and colleges. As an illustration, I may observe that it 
has been even debated and doubted in some responsible quarters in England, 
whether the'Union Jack should wave over our educational institutions on 
the days of national festivity and national observance. 

To sum up. By these, and other kindred means, I would urge a closer 
educational touch between the Mother Country and the Empire at large. 

Long ago a great Minister was able to say : ‘ Our hold of the Colonies is 
in the close affection which grows from common names, from kindred blood, 
and from similar privileges. These are ties which, though light as aii*, are 
strong as links of iron.’ 

But times have changed. To-day we are confronted with the problems of 
a vast and complicated Empire — great commonwealths, great dominions, 
sundered from each other by long seas and half a world, and however closely 
science has geographically brought them together, we cannot in soul and 
sympathy, nor ultimately in destiny, remain attached, affiliated as mother 
and children should be, unless we grapple to each other and understand each 
other in the greatest of all interests — the educational training which we give, 
to our children in the one part of our Empire, to make them suitable 
citizens in another. 

In suggesting reforms and modifications in which this educational unity 
may best be expressed, forgive me if I have but touched, and touched in- 
adequately, on the fringe of a great subject, the transcendent importance of 
which it requires no elaboration of mine to impress on the earnest attention 
of the people of this great Dominion — which great Dominion may I be 
allowed to salute, without flattery or favour, as the most favoured by 
natural beauty and by virgin wealth of all the children of our common 
Motherland ? May I salute her in terms which formed the old toast with 
which the two greatest of our English public schools, WincheRter and Eton, 
pledged each other when we met in our annual cricket contest: Mater 
pulchra, filia pulchrior! 


PRiNTBD BY 
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BY 

The Eev. Professoe T. G. BONNEY, Sc.D., LL.D., E.B.S., 
PEESIDENT. 

Thirty-one years have passed since the British Association met in 
Sheffield, and the interval has been marked by exceptional progress. A 
town has become a city, the head of its municipality a Lord Mayor; its 
area has been enlarged by more than one-hfth; its population has 
increased from about 280,000 to 479,000. Communication has been 
facilitated by the construction of nearly thirty-eight miles of electric 
tramways for home service and of new railways, including alternative 
routes to Manchester and London. The supplies of electricity, gas, 
and water have more than kept pace with the wants of the city. The 
first was just being attempted in 1879; the second has now twenty- 
three times as many consumers as in those days ; the story ^ of the 
third has been told by one who knows it well, so that it is enough for me 
to say your water supply cannot be surpassed for quantity and quality 
by any in the kingdom. Nor has Sheffield fallen behind other cities 
in its public buildings. In 1897 your Handsome Town Hall was opened 
by the late Queen Victoria ; the new Post Office, appropriately built and 
adorned with material from almost local sources, was inaugurated less 
than two months ago. The Mappin Art Gallery commemorates the 
munificence of those whose name it bears, and fosters that love of the 
beautiful which Buskin sought to awaken by his generous gifts. Last, 
but not least, Sheffield has shown that it could not rest satisfied till its 
citizens could ascend from their own doors to the highest rung of the 
educational ladder. Firth College, named after its generous founder, 
was born in the year of our last visit ; in 1897 it received a charter as 
the University College of Sheffield, and in the spring of 1905 was 
created a University, shortly after which its fine new buildings were 

Butory mid Description of Sheffield Water Worh. W. Terrey, 1908. 
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opened by the late King ; and last year its library, the generous gift of Dr. 
Edgar Allen, was inaugurated by his successor, when Prince of Wales. 
I must not now dwell on the great work which awaits this and other new 
universities. It is for them to prove that, so far from abstract -thought 
being antagonistic to practical work, or scientific research to the labour 
of the factory or foundry, the one and the other can harmoniously co- 
operate in the advance of knowledge and the progress of civilisation. 

You often permit your President on these occasions to speak of a 
subject in which he takes a special interest, and I prefer thus trespassing 
on your kindness to attempting a general review of recent progress in 
science. I do not, however, propose, as you might naturally expect, 
to discuss some branch of petrology; though for this no place could be 
more appropriate than Sheffield, since it was the Birthplace and the 
lifelong home of Henry Clifton Sorby, who may truly be called the father 
of that science. This title he won when, a little more than sixty years 
ago, he began to study the structure aiid mineral composition of rocks 
by examining thin sections of them under the microscope.^ A rare com- 
bination of a singularly versatile and active intellect with accurate 
thought and sound judgment, shrewd in nature, as became a Yorkshire- 
raan, yet gentle, kindly, and unselfish, he was one whom his friends 
loved and of whom this city may well be proud. Sorby’s name will be 
kept alive among you by the Professorship of Geology which he, has 
endowed in your University; but, as the funds will not be available for 
some time, and as that science is so intimately connected with metal- 
lurgy, coal-mining, and engineering, I venture to express a hope that 
some of your wealthier citizens will provide for the temporary deficiency, 
and thus worthily commemorate one so distinguished. 

But to return.’ I have not selected petrology as my subject, partly 
because I think that the great attention which its more minute details 
have of late received has tended to limit rather than to broaden our 
views, while for a survey of our present position it is enough to refer to 
the suggestive and comprehensive volume published last year by Mr. A. 
Harker; ® partly, also, because the discussion of any branch of petrology 
would involve so many technicalities that I fear it would be found 
tedious by a large majority of my audience. So I have preferred to 
discuss some questions relating to the efects of ice which had engaged 
my attention a dozen years before I attempted the study of rock slices. 
As much of my petrological work has been connected witli mountain 

^ Hir subsequent investi nations into the microscopic Rlriictiiro of mid other 
allovs of iron, in the matmfactnre of which your city holds a, foremost- pla.c(\ !iav<‘ 
been extended by Mf. J. E. Stead and others, and thov. besides being of gn^at value 
to industrial nrogress, have thrown important''sidelights on more than, out* dark 
place in pe+rologv. 

^ The Natural Historj/ of Igneous Rocks (1909). 
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districts, it has been possible for me to carry on the latter without 
neglecting the former, and my study of ice-work gradually led me from 
the highlands into the lowlands. ‘ I purpose, then, to ask your attention 
this evening to some aspects of the glacial history of Western Europe. 

At no very distant geological epoch the climate in the northern 
part of the earth was much colder than it is at present. So it was 
also in the southern; but- whether the two were contemporaneous is less 
certain. Still more doubtful are the extent and the work of the ice which 
was a consequence, and the origin, of certain deposits on some northern 
lowlands, including those of „our own islands : namely, whether they are 
the direct leavings of glaciers or were laid down beneath the sea by 
floating shore-ice and bergs. Much light will be thrown on this complex 
problem by endeavouring to ascertain what snow and ice have done in 
some region which, during the Glacial Epoch, was never submerged, 
and none better can be found for this purpose than the European Alps. 

At the present day one school of geologists, which of late years has 
rapidly increased in number, claims for glaciers a very large share in the 
sculpture of that chain, asserting that they have not only scooped out 
the marginal lakes, as Sir A. Bamsay maintained full half a century 
ago, but have also quarried lofty cliffs, excavated great cirques, and 
deepened parts of the larger Alpine valleys by something like two 
thousand feet. The other school, while admitting that a glacier, under 
special circumstances, may hollow out a tarn or small lake and modify 
the features of rock scenery, declares that its action is abrasive rather 
than erosive, and that the sculpture of ridges, crags, and valleys was 
mainly accomplished in pre-glacial times by running water and the 
ordinary atmospheric agencies. 

In all controversies, as time goes on, hypotheses are apt to mas- 
querade as facts, so that I shall endeavour this evening to disentangle 
tlie two, and call attention to those which may be safely used in drawing 
a conclusion. 

In certain mountain regions, especially those where strong lime- 
stones, granites, and other massive rocks are dominant, the valleys are 
often trench-like, with precipitous sides, having cirques or corries at 
theii' heads, and with rather wide and gently sbping floors, which 
occasionally descend in steps, the distance between these increasing with 
that from the watershed. Glaciers have unquestionably occupied many 
of the.se valleys, but of late years they have been supposed to have taken 
a large share in excavating them. , In order to appreciate their action 
we- must imagine the glens to l)e Idled up and the district restored to its 
former condition of a more or less undulating upland. As the mean 

' May I mill (hat hiTeaftnr a Hl.a((‘nu‘nt of facts without mention of an antlioriiy 
means that 1 am .speaking from i)er)5omil Unowlcilge. . 

A 2 
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temperature ^ declined snow would begin to accumulate in inequalities 
on the upper slopes. This, by melting and freezing, would soften and 
corrode' the underlying material, which would then be removed by rain 
and wind, gravitation and avalanche. In course of time the hollow 
thus formed would assume more and more the outlines of a corrie or a 
cirque by eating into the hillside. With an increasing diameter it would 
be occupied, as the temperature "fell, first by a permanent snowfield, 
then by the nive of a glacier. Another process now becomes important, 
that called ‘ sapping. ’ While ordinary glacier-scour tends, as we are 
told, to produce ‘sweeping curves and eventually a graded slope,’ 

‘ sapping ’ produces ‘ benches and cliffs, its action being horwontal and 
backwards,’ and often dominant over scour. The author of this hypo- 
thesis “ convinced himself of its truth in the Sien*a Nevada by descending 
a hergschrmid 150 feet in depth, which opened out, as is so common, 
beneath the walls of a cirque. Beginning in the n^v^, it ultimately reached 
the clif , so that for the last thirty feet the bold investigator found rock on 
the one hand and ice on the other. The former was traversed by fracture 
planes, and was in all stages of displacement and dislodgment ; some 
blocks having fallen to the bottom, others bridging the narrow chasm, 
and others frozen into the nM. Clear ice had formed in the fissures of 
the cliff; it hung down in great stalactites; it had acciimiilaiied in stalag- 
mitic masses on the floor. Beneath the niml the temperature would he 
uniform, so its action would be protective, except where it 'set up 
another kind of erosion, presently to be noticed; but in the chiisin, we 
are informed, there would be, at any rate for a considerable part of the 
year, a daily alternation of freezing and thawing. Thus the cliff would 
be rapidly undermined and be carried back into the mountain slope, so 
that before long the glacier would nestle in a shelter of its own making. 
‘Farther down the valley the moving ice would become more effective 
than sub-glacial streams in deepening its bed ; but since the is 

almost imperceptible near the head, another agency must be invoked, 
that of ‘ plucking.’ The ice grips, like a forceps, any loose or projecting 
fragment in its rocky bed, wrenches that from its place, and carries it 
away. The extraction of one tooth weakens the hold of its neighbours, 
and thus the glen is deepened by ‘ plucking, ’ while it is carried back 
by ‘sapping.’ Streams from melting snows on the slopes above tlie 
amphitheatre might have been expected to co-operate vigorously in 
making it, but of them lit.tle account seems to be taken, and we are even 
told that in some cases the winds probably prevented snow from resting 
on the rounded surface between twO' cirque-heads.^ As tliese receded, 

V In the remainder of this Address ‘temperature ’ is to be understood, a-i mean 
temperature. The Fahrenheit scale is used, 

^ W. D. Johnson, Scunce, N.S., ix. Q899), pp. lOti. 112. 

^ This does not appear to^have occurred ’in the Alps. 
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only a narrow neck would be left between them, which would be ulti- 
mately cut down into a gap or ' col. ’ Tlius a region of deep valleys with 
precipitous sides and heads, of sharp ridges, and of more or less isolated 
peaks is substituted for a rather monotonous, if lofty, highland. 

The hypothesis is ingenious, but some students of Alpine scenery 
think more proof desirable before they can accept it as an axiom. For 
instance, continuous observations are necessary to justify the assump- 
tion of diurnal variations of temperature sufficient to produce any 
sensible effect on rock at the bottom of a narrow^ chasm nearly fifty 
yards deep and almost enclosed by ice. Here the conditions would 
more probably resemble those in a glacidre, or natural ice cave. In 
one of these, during the suniiner, cuiiiains and festoons of ice depend 
fi'om the walls; from them and from the roof water drips slowly, to be 
frozen into stalagmitic mounds on the floor, which is itself sometimes 
a thick bed of ice. On this tlie quantity of fallen rock debris is not 
greater than is usual in a cave, nor are the walls notably shattered, 
even though a gap some four yards deep may separate them from the ice. 
The floors of cii'ques, from which the neve has vanished, cannot as a 
rule be examined, because they are masked by ddhris which is brought 
down by the numerous cascades, little and big, which seam their walls ; 
but glimpses of them may sometimes be obtained in the smaller conies 
(which would be cirques if they could), and these show no signs of 
either ‘ sapping ’ or ' plucking,’ but some little of abrasion by moving 
ice. Cirques and corries also not infrequently occur on the sides as 
well as at the heads of valleys; such, for instance, as the two in the 
}iumif of the Uri Kothstock on the way to the Surenen Pass and the 
Fer a 0,1 leva 1 above Sixt. The Lago di Eitom lies between the mouth 
of a hanging valley and a well-defined step, and just above that is the 
Lago di Cadagno in a large, steep-walled corrie, which opens laterally 
into the Val Piora, as that of the Lago di Tremorgio does into the 
southern side of the Yal Bedretto. Cirques may also be found where 
glaciers have had a comparatively brief existence, as the Greux des 
Vents on the Jura; or have never been formed, as on the slopes 
of Salina, one of the Lipari Islands, or in the limestone desert of 
Lower Egypt. ^ I have seen a miniature stepped valley carved by a 
rainstorm on a slope of Hampstead Heath; a cirque, about a yard 
in height and breadth, similarly excavated in the vertical wall of 
a gravel pit; and a corrie, measured by feet instead of furlongs, 
at the foot of one of the Binns near Burntisland, or, on a much 
reduced scale, in a bank of earth. On all these the same agent, 
plunging water, has left its marks — ^runlets of rain for the smaller, 
streams for the larger; convergent at first, perhaps, by accident, 

’ A. J. Jukes-Browno, Oeol Mag., 1877, p. 477. 
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afterwards inevitably combined as the hollow widened and deepened. 
Each of the great cirques is still a 'land of streams,’ and they are 
kept permanent for the greater part of the year by beds of snow on the 
ledges above its walls. 

The ‘ sapping and plucking ’ process presents another difficulty — 
the steps already mentioned in the floors of valleys. These are sup- 
posed to indicate stages at which the excavating glacier transferred its 
operations to a higher level. But, if .so, the outermost one must be 
the oldest, or the glacier must have been first formed in the lowest part 
of the incipient valley. Yet, with a falling temperature, the reverse 
would happen, for otherwise the snow must acf as a protective mantle 
to the mature pre-glacial surface almost down to ils base. ITowcver 
much age might have smoothed ,away youthful aiiguhintics, it would 
be strange if no receptacles had been left higher up to initiafe the 
process; and even if sapping liad only modified ilie form of an older 
valley, ft could not have cut the steps unless it had begun its work 
on the lowest one. Thus, in the case of the Oreux de Cluiinp, if we 
hesitate to assume that the sapping process began at the mouth of 
the valley of the Grande Ban above Aigle, we must suppose it to have 
started somewhere near Ormont Dessus and to have excavated that 
gigantic hollow, the Jioor of which lies full 6,000 feet below the cul- 
minating crags of the Diablerets. 

But even if ' sapping and plucking ’ were assigned a comparatively 
unimportant position in the cutting out of cirques and corries, it might 
still be maintained that the glaciers of the' Ice Age had greatly deepened 
the valleys of mountain regions. That view is adopted by Professors 
Penck and Briickner in their work on the glaciation of the Alps,* the 
value of which even those who cannot accept some of their conclusions 
will thankfully admit. On one point all parties agree— that a 
valley cut by a fairly rapid stream in a durable rock is V-like in section. 
With an increase of speed the walls become more vertical; with a 
diminution the valley widens and has a flati-er bed, over which the river, 
as the base-line is approached, may at last meander. Lateral streams will 
plough into the slopes, and may be numerous enough to convert them in(.t) 
alternating ridges and furrows. If a valley has been excavated in ilui*k 
horizontal beds of rook varying in hardness, such as limestones and 
shales, its sides exhibit a succession of terrace walls and shelving bunks, 
while a marked dip and other dominant, structures produce their own 
modifications. It is also agreed that a valley excavated or greatly 
enlarged by a glacier should be U-like in section. But an Alpine 
valley, especially as we approach its head, very commonly takes the 
following form. Eor some hundreds of feet up from the torrent it is 
' Die Alpnn in Dmeitalfer (1900). 
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a distinct V ; above this the slopes become less rapid, changing, say, 
from 45° to not more than 30°, and that rather suddenly. Still higher 
comes a region of stone-strewn upland valleys and rugged crags, termi- 
nating in ridges and peaks of splintered rock, projecting from a mantle, 
of ice and snow. The V-like part is often from 800 to 1,000 feet in 
depth, and the above-named authors maintain that this, with 
perhaps as much of the more open trough above, was excavated during 
the Glacial Epoch. Thus the floor of any one of. these valleys prior to 
the Ice Age must often have been at least 1,800 feet above its present 
level. ^ As a rough estimate we may, fix the deepening of one of 
the larger Pennine valleys, tributary to the Ehone, to have been, 
during the Ice Age, at least 1,600 feet in their lower parts. Most of 
them are now hanging valleys; the stream issuing, on the level of 
the main river, from a deep gorge. Their tributaries are rather variable 
in form; the larger as a rule being more or less V-shaped; the 
shorter, and especially the smaller, con'esponding more with the 
upper paii} of the larger valleys ; but their lips’ generally are less deeply 
notched. Whatever may have been the cause, this rapid change in 
slope must indicate a corresponding change of action in the erosive 
agent; Here and there the apex of the V may be slightly flattened, but 
any approach to a real XT is extremely rare. The retention of the more 
open fonn in many small, elevated recesses, from which at the present 
day but little water descends, suggests that where one of them soon 
became buried under snow,^ but was insignificant as a feeder of a 
glacier, erosion has been for ages almost at a standstill. 

The V-like lower portion in the section of one of the principal 
valleys, which is all that some other observers have claimed for the work 
of a glacier, cannot be ascribed to subsequent modification by water, 
because ice- worn rock can be seen in many places, not only high up 
its sides, but also down to within a yard or two of the present torrent. 

. Thus valley after valley in the Alps seems to leave no escape from 
the following dilemma : Either a valley cut by a glacier does not differ in 
form from one made by running water, or one which has been excavated 
by the latter, if subsequently occupied, is hut superficially modified 
by icc. This, as we can repeatedly see in the higher Alpine valleys, 
has not succeeded in obliterating the physical features due to the ordi- 
nary processes of erosion. Even where its effects are most striking, as 

^ The amount varies in different valleys ; for instance, it was fully 2,880 feet at 
Amsteg on the Rcuss, just over 2,000 feet at Brieg in the Rhone Valley, about 
1,000 feet at (iuttanon in the Aare Valley, about 1,550 feet above Zermatt, and 
1,100 foot al)Ove Baas Grund. 

My own studies of mountain districts have led me to infer that on slopes of 
low grade the action of snow is preservative rather than destructive. That con- 
clusion was con linn cd by Professor Garwood in a communication to the Royal 
Geographical Society on Juno 20 of the present year. 
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in the Spifcallainni below the Grimsel Hospice, it has not wholly effaced 
those features ; and wherever a glacier in a recent retreat has exposed 
a rock surface, that' demonstrates its inefficiency as a plough. The 
evidence of such cases has been pronounced inadmissible, on the ground 
that the glaciers of the Alps have now degenerated into senile impo- 
tence ; but in valley beds over which they passed when in the full tide 
of their strength the flanks show remnants of rocky ridges only partly 
smoothed away, and rough rock exists on the ' lee-sides ’ of ice-worn 
mounds which no imaginary plucking can explain. The ice seems to 
have flowed over rather than to have plunged into the obstacles in its 
path, and even the huge steps of limestone exposed by the last reiireat 
of the Unter Grindelwald Glacier have suffered little more ilian a 
rounding off of their angles, tHbugli that glacier must have passed over 
them when in fullest development, for it seems impossible to explain 
these by any process of sapping. 

The comparatively level trough, which so often forms the uppermost 
part of one of the great passes across the watershed of the Alps, can 
hardly be explained without admitting that in each case the original 
watershed has been destroyed by the more rapid recession of the head 
of the southern valley, and this work bears every sign of having been 
accomplished in pre-glacial times. Sapping and plucking must have 
operated on a gigantic scale to separate the Yiso from the Cottian water- 
shed, to isolate the huge pyramid of the Matterhorn, with its western 
spur, or to make, by the recession of the Val Macugnaga, that great ga,}) 
between the Strahlhorn and Monte Bosa. Some sceptics even go so far 
as to doubt whether the dominant forms of a non-glaciated region differ 
very materially from those of one which has been half-buried in snow- 
fields and glaciers. To my eyes, the general outlines of tlic inouutainH 
about the Lake of Gennesaret and the nortliern part of the Dead Sea 
called those around the Lake of Annecy and on tlio south-eastern shore 
of Leman. The sandstone crags, which rise here and there like ruined 
castles from the lower plateau of the Saxon Switeeriand, resembled in 
outlines, though on a smaller scale, some of tJie Dolomites in i-he 
Southern Tyrol. The Lofoten Islands illustrate a half-drowned moun- 
tain range from which the glaciers have disappeared. Those were bora 
among splintered peaks and ridges, whioK, though less lofty, rival in fonn 
the Aiguilles of Chamonix, and the valleys become more and more icc- 
wom as they descend, till the coast is fringed with skerries every one of 
which is a roche moutonnie. The nM in each of these valleys has been 
comparatively ineffective; the ice has gathered strength with the growth 
of the glacier. As can be seen from photographs, the scenery of the heart 
of the Caucasus or of the Himalayas differs in scale rather than in kind 
'from that of the Alps. Thus the amount of abrasion varies, other things 
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being equal, with, the latitude. The grinding away of ridges and spurs, 
tlie sinoothing of the walls of troughs,^ is greater in Norway than in the 
Alps; it is still greater in Greenland than in Norway, and it is greatest 
of all in the Antarctic, according to the reports of the expeditions led by 
Scott and Shackleton. But even in Polar regions, under the most 
favourable conditions, the dominant outlines of the mountains, as shown 
in the numerous photographs taken by both parties, and in Dr. Wilson’s 
admirable drawings, differ in degree rather than in kind from those of 
mid-European ranges. It has been asserted that the parallel sides of 
the larger Alpine valleys — such as the Bhone above Martigny, the 
Liitschine near Lauterbrunnen, and the Val Bedretto below Airolo — ■ 
prove that they have been made by the ice-plough rather than by running 
water; but in the first I am unable to discern more than the normal 
effects of a rather rapid river which has followed a trough of compara- 
tively soft rocks ; in the second, only the cliSs marking the channel cut 
by a similar stream through massive limestones — cliffs like those which 
elsewhere rise up the mountain flanks far above the levels reached by 
glaciers; while in the third I have failed to discover, after repeated ex- 
umiiiation, anything abnormal. 

Many lake basins have been ascribed to the erosive action of glaciers. 
Si] ICC the late Sir A. Bamsay advanced this hypothesis numbers of lakes 
in various countries have been carefully investigated and the results pub- 
lished, the most recent of which is the splendid work on the Scottish 
lochs by Sir J. Murray and Mr. L. Pullar."' A contribution to science 
of the highest value, it has also a deeply pathetic interest, for it is a 
father’s memorial to a much-loved son, F. P. Pullar, who, after taking a 
most active part in beginning the investigation, lost his life while saving 
otiiers from drowning. As the time at my command is limited, and 
many are acquainted with the literature of the subject, I may be excused 
from saying more than that even these latest researches have not driven 
me from the position which I Have maintained from the first — namely, ^ 
that while many tarns in corries and lakelets in other favourable situa- 
tions are probably due to excavation by ice, as in the mountainous dis- 
tricts of Britain, in Scandinavia, or in the higher parts of the Alps, the 
dilliculty of invoking this agency increases with the size of the basin — 
as, for example, in the case of Loch Maree or the Lake of Annecy— till 
it becomes insuperable. Even if Glas Llyn and Llyn Llydaw were the 
work of a glacier, the rock basins of Genixesaret and the Dead Sea, still 
more those of the great lakes in North America and in Central Africa, 
must be assigned to other causes. 

^ If one may judgo from photographs, the smoothing of the flanks of a valley is 
unusually conspicuous in Milton Sound, Now Zealand. 

Bathymetrical Burvey of the Bcoitieh Breshwakr Lochs. Sir J. Murray and 
Mr. L. Fuliar, lUlO. 

A 3 
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I pass on, therefore, to mention another dithcalty iu this hypothesis 
— that the Alpine valleys were greatly deepened during the Glacial Epoch 
—which has not yet, I think, received sufficient attention, h’rom three 
to four hundred thousand years have elapsed, according to Penck and 
Briickiier, since the first great advance of the Alpine ice. One of the 
latest estimates of the thickness of the several geological formations 
assigns 4,000 feet ’ to the Pleistocene andEecent, 13,000 to the Pliocene, 
and 14,000 to the Miocene. If we assume the times of deposit to be pro- 
portional to the thicknesses, and adopt the larger figure for the lirst-iiaincd 
period, the duration of the Pliocene would be 1,300,000 years, and of 
the Miocene 1,400,000 year’s. To estimate the total vertical thickness 
of rock which has been removed from the Alps by denudation is far from 
easy, but I think 14,000 feet would be a liberal allowance, of which about 
one-seventh is assigned to the Ice Age. But during that age, according 
to a curve given by Penck and Bruckner, the temperature was below its 
present amount for rather less than half (.47) the time. Hence it 
follows that, since the sculpture of tlie Alps must liuvo begun at least as 
far back as the Miocene period, one-soventh of the work has been done 
by ice in not quite onc-fifteenth of the time, or its action must be very 
potent. Such data as are at our comniuud make it })rohahIc that a 
Norway glacier at the present day lowers its basin by only al>ou{> t'ighiy 
millimetres in 1,000 years; a Greenland glacier may remove siime 4iil 
millimetres in the same time, while the Vutuajokul iu Iceland attains 
to 647 millimetres. If Alpine glaciers luid been as (Elective as the 
last-named, they would not have removed, during their 188,000 years 
of occupation of the Alpine valleys, more than 181.6 metres, or just 
over 397 feet; and as this is not half the amount demanded by tlie more 
moderate advocates of erosion, we must either ascribe an abnomiai 
activity to the vanished Alpine glaciers, or admit that water was imieh 
more effective as an excavator. 


We must not forget that glaciers cannot have been important 
agents in the sculpture of the Alps during more than part 
of Pleistocene times. That sculpture probably began iu the 
Oligoceue period; for rather early in the next one the givut 
masses of conglomerate, called Nagelfluhr show tliat powerful rivers 
had already carved for themselves valleys corresponding generally 
with and nearly as deep as those still in existence. Temperature 
during much of the Miocene period was not less than 12^ F. above its 
present average. This would place the snow-line at about 12,000 feet.’ 


^ I have doubts wbetlior this is not too great. 

2 I take the fall of temperature for a rise in altitude m 1® h\ for lh)l> f(‘(‘t or wh<‘rt 
the di| 0 rences in the latter are large, 3® per 1,000 feet. Thmo CHtiniatcs will, I'think. 
be sufficiently accurate. The figures given by Hann {soo for a diwmsHioa of tho 
uestion, Mport of BnL. Assoc., 1000, y, 03) work out to 1® E. for 
scent (up to about 10.000 feet' 
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111 that case, if we assume the altitudes unchanged, not a snowMd 
would be left between the Simplon and the Maloja, the glaciers of the 
Pennines would shrivel into insignificance, Monte Eosa would exchange 
its drapery of ice for little more than a tippet of frozen snow. As the 
temperature fell the white robes would steal down the mountain-sides, 
the glaciers grow, the torrents be swollen during all the warmer months, 
and the work of sculpture increase in activity. Yet with a tempera- 
ture even 6° higher than it now is, as it might well be at the beginning 
of the Pliocene period, the snow-line would be at 10,000 feet; numbers 
of glaciers would have disappeared, and those around the Jungfrau and 
the Finster Aarhorn would be hardly more important than they now are 
in the Western Oberland. 

But denudation would begin so soon as the ground rose above the sea. 
Water, which cannot run off the sand exposed by the retreating tide 
without carving a miniature system of valleys, would never leave the 
nascent range intact. The Miocene Alps, even before a patch of snow 
could remain through the summer months, would be carved into glens 
and valleys. Towards the end of that period the Alps w^ere affected by 
a new set of movements, which produced their most marked effects in 
the nor them zone from the Inn to the Durance. The Oberland rose to 
greater importance; Mont Blanc attained its primacy; the 7nassif of 
Dauphin6 was probably developed. That, and still more the falling 
temperature, would increase the snowfields, glaciers, and torrents. The 
first would be, in the main, protective; the second, locally abrasive; the 
third, for the greater part of their course, erosive. No sooner had the 
drainage system been developed on both sides of the Alps than the valleys 
on the Italian side (unless we assume a very different distribution of 
rainfall) would work backwards more rapidly than those on the northern. 
Cases of trespass, such as that recorded by the long level trough on the 
north side of the Maloja Kulm and the precipitous descent on the 
southern, w'ould become frequent. In the interglacial episodes — three 
in number, according to Penck and Bruckner, and occupying rather more 
than half the epoch — the snow and ice would dwindle to something like 
its present amount, so that the water would resume its work. Thus 
I think it far more probable that the V-like portions of the Alpine 
valleys were in the main excavated during Pliocene ages, their upper 
and more open parts being largely the results of Miocene and yet earlier 
sculpture. 

During the great advances of the ice, four in number, according 
to Penck and Briiokner,^ when the Ehone glacier covered the lowlands of 
Yaud and Geneva, welling on one occasion over the gaps in the Jura, 
and leaving its erratics in the neighbourhood of Lyons, it ought to have 

* Oil iho exaef; nuiubcr I have not had the oppoi'tiuiiiy of fonning an opiiiion. 
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given signs of Its erosive no' less than of its transporting power, but 
what are the facts? In these lowlands we can see where the ice has 
passed over the Molasse (a Miocene sandstone); but here, instead of 
having crushed, torn, and uprooted the comparatively soft mck, it has 
produced hardly any effect. The huge glacier from the Linth Valley 
crept for not a few miles over a floor of stratified gravels, on which, some 
eight miles below Zurich, one of its moraines, formed during the last 
retreat, can be seen resting, without having produced more than a slight 
superficial disturbance. We are asked to credit glaciers with the 
erosion of deep valleys and the excavation of great lakes, and yet, 
wherever we pass from hypotheses to facts, we find them to have been 
singularly inefficient workmen! 

I have dwelt at considerable, some may think undue, length on the 
Alps, because we are sure that this region from before the close of the 
, Miocene period has been above the sea-level. It accordingly demon- 
strates what effects ice can produce when working on land. 

In America also, to which I must now make only a passing refer- 
ence, great ice-sheets formerly existed : one occupying the district west 
of the Eocky Mountains, another spreading from that on the iiorLli-west 
of Hudson’s Bay, and a third from the Laureniaan hill-coimti’y. These 
two became confluent, and thoir united ice-flow covered the region 
of the Great Lakes, halting near the eastern coast a little south of 
New York, but in Ohio, Indiana, and Illinois occasionally leaving 
moraines only a little north of the 39th parallel of latitude.^ Of these 
relics my first-hand knowledge is very small, but the admirably illus- 
trated reports and other writings of American geologists ^ indicate that, 
if we make due allowance for the differences in envii’onment, the tills 
and associated deposits on their continent are similar in character to 
those of the Alps.® 

In o-ur own country and in corresponding parts of Northern Europe 
we must take into account the possible co-operation of the sea. In 
these, however, geologists agree that, for at least a portion of the Ice 
Age, glaciers occupied the mountain districts. Here ice-worn iwIb, 
moraines and perched blocks, tarns in corries, and perhaps lakelets in 
valleys, demonstrate the former presence of a mantle of snow and ice. 
Glaciers radiated outwards from more than one focus in Ireland, Scot- 
land, the English Lake District, and Wales, and trespassed, at the time 

^ Some of tho glacial drifts on tho eastern side of the continent, as we shall Hiul, 
may have been deposited in the sea, 

^ See the Meforts of th& Vnit^ States Geological Survey (from vol. iii. onwards), 
Jowrml of Geology, American Journal of Science, and local publications too numerous 
to mention. Among these the studies in Greeifiand by Professor Chamberlin are 
especially valuable for the light they throw on the movement of largo glaciers and 
the transport of Ubris in the lower part of the ice, 

’ Here, however, wo cannot always be so sure of tho absonoc of tho soa. 
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of their greatest development, upon the adjacent lowlands. They are 
generally believed to have advanced and retreated more than once, and 
their movements have been correlated by Professor J. Geikie with 
those already mentioned in the Alps. Into that very difficult question 
I must not enter; for my present purpose it is enough to say that in 
early Pleistocene times glaciers undoubtedly existed in the mountain 
districts of Britain and even formed piedmont ice-sheets on the low- 
lands. On the west side of England, smoothed and striated rocks have 
been observed near Liverpool, which can hardly be due to the move- 
ments of shore-ice, and at Little Crosby a considerable surface has been 
cleared from the overlying boulder clay by the exertions of the late 
Mr. T. M. Eeade and his son, Mr. A. Lyell Eeade. But, so far as 
I am aware, rocks thus affected have not yet been discovered in the 
Wirral peninsula. On the eastern side of England similar markings 
have been found down to the coast of Durham, but a more southern 
extension of land ice cannot be taken for granted. In this direction, 
however, so far as the tidal valley of the Thames, and in corresponding 
parts of the central and western lowlands, certain deposits occur which, 
though to a great extent of glacial origin, are in many respects different 
from those left by land ice in the Alpine regions and in Northern 
America. 

They present us with problems the nature of which may be inferred 
from a brief statement of the facts. On the Norfolk coast we 
find the glacial drifts resting, sometimes on the chalk, sometimes on 
strata of very late Pliocene or early Pleistocene age. The latter 
show that in their time the strand-line must have oscillated slightly 
on either side of its present level. The earliest of the glacial 
deposits, called the Cromer Till and Contorted Drift, presents its most 
remarkable development in the cliffs on either aide of that town. Here 
it consrsiis of boulder clays and alternating beds of sand and clay; 
the first-named, two or three in number, somewhat limited in extent, 
and rather lenticular in form, are slightly sandy clays, full of pieces 
of chalk, flint, and other kinds of rock, some of the last having 
travelled from long distances. Yet more remarkable are the huge 
erratics of chalk, in the neighbourhood of which the sands and clays 
exhibit extraordinary contortions. Like the beds of till, they have not 
been found very far inland, for there the group appears as a whole to 
be represented by a stony loam, resembling a mixture of the sandy and 
clayey material, and this is restricted to a zone some twenty miles 
wide, bordering the coast of Norfolk and Suffolk; not extending 
south of the latter county, but being probably represented to the north 
of the Plumber. Above these is a group of falae-hedded sands and 
gravels, variable in thickness and character — the Mid-glacial Sands of 
Searles V. "Wood and E. W. Harmer. They extend over a wider area, 
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and may be traced, according to some geologists, nearly to the western 
side of England, rising in that direction to a greater height above sea- 
level. But as it is impossible to prove that all isolated patches of 
these materials are identical in age, we can only be certain that some 
of them are older than the next deposit, a boulder clay, which extends 
over a large part^ of the lowlands in the Eastern Counties. This has 
a general resemblance to the Cromer Till, but its matrix is rather 
more clayey and is variable in colour. In and north of Yorkshire, 
as well as on the* seaward side of the Lincolnshire wolds, it is 
generally brownish or purplish, but on their western side and as far as 
i.lie clay goes to the south it is some shade of grey. Near i.o these 
wolds, in mid-Norfolk, and on the northeim margin of Suffolk, if, has 
a whitish tint, owing to the abundonce of comminiiied chalk. To the 
south and west of this area it is dark, from the similar presence of 
Kimeridge clay. Yet finiher west it assumes an ini.ermediate colour 
by having drawn upon the Oxford clay. This boulder clay, whethei’ 
the chalky or the purple, in which partings of sand sometimes occur, 
must once have covered, according to Mr. E. W, TTarmer, an area 
about ten thousand square miles in extent. It spreads like a coverlet 
over the pre-glacial irregularities of the surface. It cap.s the hills, 
attaining sometimes an elevation of fully 500 feet above sea-level ; ^ 
■it fills up valleys,^ sometimes partly, sometimes wholly, i.he original 
floors of which occasionally lie more than 100 feet below the 
same level This boulder clay, often with an underlying sand or 
gravel, extends to the south as far as the neighbourhood of Muswell 
Hill and Einchley; hence its margin nms westward through Bucking- 
hamshire, and then, bending northwards, passes to the west of Coven- 
try. On this side of the Pennine Chain the mai.rix of tlie boulder clay 
is again reddish, being mainly derived from the sands and marls of 
the Trias; pieces of chalk and flint are rare (no doubt (‘.onilng from 
Antrim), though other rocks are often plentiful enough. Home autho- 
rities are of opinion that the drift in most parts of Jjaucashire ami 
Cheshire is separable, as on {lie eastern coasts, into a lowcjr and an 
upper boulder clay, with intervening gravelly sands, but others think 
that the association of the first and third is lenticular rather than suc- 

^ Not far from Eoyston it is found at a height of 525 foot above (),]). 8(*<‘ E. W. 
Harmer, PleistGcene, Period in the Eastern Counim, p. 3 15. 

At Old North Boad Station, on a tributary of the Cam, tlu!i houldvr clay was 
pierced to a depth of 180 feet, and at Impington it goes to. 00 fcid, below «ca*-lew!. 
Near Hitchin, a hidden valley, traced for seven or eight miles, was proved i,o a (h*plh of 
08 feet below O.D., and one near Newport in Essex, to 140 feet. Dirpths w(‘re also 
found of 120 feet at West Hforsehoath in Suffolk, of 320 feet on low ground two iuiU*H 
S.W. of Sandy in Bedfordshire, of from 100 to 100 feet below the B(‘a at FtwKilykiN 
Long Sutton, and Boston, and at Oleinsford in the valkiy of th(> Stour, 477 ftjet- of 
was passed through before reaching the. chalk. Sw^ F. \V. Harmer. Qitiirf. Jnnrn. (fml. 
8 qc,, Ixiii. (1907), p. 404. 
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cessive. Here also the lower clay cannot be traced very far inland, 
eastward or southward; the others have a wider extension, but they 
reach a greater elevation above sea-level than on the eastern side of 
England. The sand is inconstant in thickness, being sometimes hardly 
represented, sometimes as much as 200 feet. The upper clay runs 
on its more eastern side up to the chalky boulder clay, and extends 
on the south at least into Worcestershire. On the western side it 
merges with the upper member of the drifts radiating from the moun- 
tains of North Wales, which often exhibit a similar tripartite division, 
v/hile (as we learn from the officers of the Geological Survey) boulder 
clays and gravelly sands, which it must suffice to mention, extend from 
the highlands of South Wales for a considerable distance to the south- 
east and south. Boulder clay has not been recognised in Devon or Corn- 
wall, though occasional erratics are found which seem to demand some 
form of ice-transport. A limited deposit, however, of that clay, con- 
taining boulders now and then over a yard in diameter, occurs near 
Relsey Bill on the Sussex coast, which most geologists consider to have 
been formed by floating rather than by land ice. 

Marine shells are not very infrequent in the lower clays of East 
Anglia and Yorkshire, but are commonly broken. The well-known 
Bridlington Crag is the most conspicuous instance, but this is ex- 
plained by many geologists as an erratic — a piece of an ancient North 
Sea bed caught up and transported, like the other molluscs, by an 
advancing ice-sheet. They also claim a derivative origin for the organic 
contents of the overlying sands and gravels, but some authorities 
consider the majority to be contemporaneous. Near the western coast 
of England, shells in much the same state of preservation as those on 
the present shore are far from rare in the lower clay, where they are 
associated with numerous striated stones, often closely resembling those 
which have travelled beneath a glacier, both from the Lake District 
and the less distant Trias. Shells are also found in the overlying sands 
up the valleys of the Dee and Severn, at occasional localities, even as 
far inland as Bridgnorth, the heights of the deposits varying from 
about 1.20 feet to over 500 feet above the sea-level. If we also take 
account of the upper boulder clay, where it can be distinguished, the 
list of marine molluscs, ostracods, and foraminfers from these western 
drifts is a rather long one.^ 

Marine shells, however, on the western side of England, are not 
restricted to the lowlands. Three instances, all occurring over 
1,000 feet above sea-level, claim more than a passing mention. At 
Macclesfield, almost thirty miles in a straight line from the head of the 
estuary of the Mersey, boulder clays associated with stratified gravels 

^ W. Quftrt. Jomn. (Ivol. Rnr., xxxiv. (187ft), p. 
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and sands have been described by several observers.^ The clay stops at 
about 1,000 feet, but the sands and gravels go on to nearly 1,300 feet, 
while isolated erratics are found up to about 100 feet higher. Sea shells, 
some of which are in good condition, have been obtained at various eleva- 
tions, the highest being about 1,200 feet above sea-level About forty- 
eight species of molluscs have been recognised, and the fauna, with a few 
exceptions, more arctic in character and now found at a greater depth, is 
one which at the present day lives in a temperate climate at a depth of a 
few fathoms. 

The shell-bearing gravels at Gloppa, near Oswestry, which are about 
thirty miles from the head of the Dee estuary, were carefully described 
in 1892 by Mr. A. 0. Nicholson. He has enumerated fully sixty 
species, of which, however, many arc rare. As his colleclion ^ shows, 
the bivalves are generally broken, but a fair number of the univalves 
are tolerably perfect. The deposit itself consists of alternatiTig seams 
of sand and gravel, the one generally about an inch in thickness, the 
other varying from a few inches to a foot. The difference in tlie 
amount of rounding shown by the stones is a noteworfihy feature. 
They are not seldom striated; some have come from Rcotland, others 
from the Lake District, but the majority from Wales, the last being 
the more angular. Here and there, a block, sometimes exceeding a 
foot in diameter and usually from the last-named country, has been 
dropped among the smaller material, most of which ranges in diameter 
from half an inch to an, inch and a half. The beds in one or two places 
show contortions ; but as a rule, though slightly wavy and with a gentle 
dip rather the west of south, they are uniformly deposited. Tn this 
respect, and in tlie unequal wearing of the materials, the Gloppa 
deposit differs from moat gravels that I have seen. Tis situation also 
is peculiar.. Tt is on the flattened to}) of a rocky spur from higlier hills, 
which falls rather ste.e.ply to the Shropshire lowland on the faisterii 
side, and on the more western is defined by a small valley whiclt 
enlarges gradually as it descends towards the Severn, Tf the count.i’v 
were gradually depressed for nearly 1,200 feet, this upland would 
become, first a promontory, then an island, and finally a shoal 

The third instance, on Moel Tryfaen in Carnarvonshire, was care- 
fully investigated and described by a Oomraittea of this kmocMkm ^ 
about ten years ago. The shells occur in an irregularly stratified sand 
and gravel, resting on slate, and overlain by a boulder clay, no great 

^ Memoirs of the Geological Survey : * Country around Mncch^sfirid/ T, I. Pocoi'k 
(1906), p. 80. For some notes on Moel Tryfaen* and tlie altitudes of other localities 
at which, marine organisms have heen found see J. (hvyn Jeffreys, Quart. Jmra. ami. 
Soc., ixxxvi. (1880). p. 851. For the oocurrenoe of such reimiins i,n the \hde of f 'hvvd 
see a paper by T. McK. Hughes in Proe. CheMer Soc. of Nat. HiM., 1884. 

Now deposited in the Oswestry Museiira, 

® Brit. Assoc. Repart 1899 (1900), pp. 414 -423, 
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f]istfl,nce from, and a few dozen feet below the rocky summit of the 
hill, being about 1,300 feet above the level of the sea and at least five 
miles from its margin. About fifty-five species of molluscs and twenty- 
three of foraminifers have been identified. According to the late Dr. J. 
Gwyn Jeffreys,^ the majority of the molluscs are littoral in habit, the 
rest such as live in from ten to twenty fathoms of water. Most of the 
erratics have been derived from the Welsh mountains, but some rocks 
from Anglesey have also been obtained, and a few pebbles of Lake 
District and Scotch rocks. If the sea were about 1,300 feet above its 
present level, Moel Tryfaen v/ould become a small rocky island, open 
to tile storms from the west and north, and nearly a mile and a half 
away from the nearest land. 

I must pass more rapidly over Ireland. The signs of vanished 
glaciers — ice-worn rocks and characteristic boulder-clays — are 
miraerous, and may be traced in places down to the sea-level, but the 
principal outflow of the ice, according to some competent observers, 
was from a comparatively low district, extending diagonally across the 
island from the south of Lough Neagh to north of Galway Bay. 
Glaciers, however, must have first begun to form in the mountains on 
the northern and southern side of this zone, and we should have ex- 
pected that, whatever might happen on the lowlands, they would con- 
tinue to assert themselves. In no other part of the British Islands are 
eskers, which some geologists think were formed when a glacier reached 
the sea, so strikingly developed. Here also an upper and a lower 
ho\ilder clay, the former being the more sparsely distributed, are often 
divided by a widespread group of sands and gravels, which locally, as 
in Great Britain, contains, sometimes abundantly, shells and other 
marine organisms; more than twenty species of molluscs, with fora- 
minifers, a barnacle, and perforations of annelids, having been 
described. These are found in counties Dublin and Wicklow, at various 
nlti(,ndes,“ from a lititle above sea-level to a height of 1,300 feet. 

Not the least perplexing of the glacial phenomena in the British 
Isles is the distribution of erratics, which has been already mentioned 
in passing. On the Norfolk coast, masses of chalk, often thousands 
of cubic feet in volume, occur in the lowest member of the glacial 
series, with occasional great blocks of sand and gravel, which must 
have once been frozen. But these, or at any rate the larger of them, 
have no doubt been derived from the immediate neighbourhood. Huge 
erratics also occasionally occur in the upper boulder clay-^sometimes 
of chalk, as at Boslyn Hill near Ely and at Bidlington in Butland, 
of Jurassic limestone, near Great Ponton, to the south of Grantham, 

’ Omri. Jo'imt. (leoL fktr., xxsvi, (1880), p. 

* T. M. R(*ad(\ Pror. Livnpon} Ofol, Pine., 1898- 94, p. 183, for soTue weighty 
arguments in favour of a marine origin for these dcpoaits. * 
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and of Lower Kimeridge clay near Biggleswade.^ These also probably 
have not travelled more than a' few miles. But others of smaller size 
have often made much longer journeys. The boulder clays of Eastern 
England are full of pieces of rock, commonly ranging from about half an 
inch to a foot in diameter. Among these are samples of the carboniferous, 
jurassic, and cretaceous rocks of Yorkshire and the adjacent counties; 
the red chalk from either Hunstanton, Speeton, or some part of the 
Lincolnshire wolds, being found as far south as the northern heights of 
London. Even the chalk and flint, the former of which, especially in 
the upper boulder clay, commonly occurs in well-worn pebbles, are 
frequently not the local but the northern varieties. And with these 
are mingled specimens from yet more distant sources— Oheviot 
porphyrites, South Scotch basalts, even some of the crystnlline rfK*ks 
of the Highlands. Whatever was the transporting agent, its general 
direction was southerly, with a slight deflection towards the ea.st in 
the last-named cases. 

But the path of these erratics has been crossed by two streams, 
one coming from the west, the other from the east. On the western 
side of the Pennine watershed the 'Shap granite rises at Wasdale Crag 
to a height of about 1,600 feet above sea-level. Boulders from it have 
descended the Eden valley to beyond Penrith ; they have travelled in 
the opposite direction almost to Lancaster, “ and a large number of them 
have actually made their way near the line of the Lake District water- 
shed, across the upper valley of the Eden, and over tlie high pass 
of Stainmoor Forest',^ whence they descended into Tipper 'I’eesdale. 
Subsequently the stream seems to have bifurcated, one part passing 
straight out to the present sea-bed, by way of the low(*r (‘.ourH(‘ of the 
Tees, to be afterwards driven back on to the Yorkshire coast. The 
other part crossed the low watershed between the Tees and the Ouse, 
descended the Vale of York and spread widely over the. plain. ** Bhap 
boulders by some means penetrated into the valleys tribut:ary to {.he Ouse 
on its west bank, and they have been observed as far {.o the south-east 
as Eoyston, near Barnsley. It is noteworthy that T;ako Distrid. ro<‘lvS 
have been occasionally recorded from Airedale and even the neighbour- 
hood of Golne, though the granite from Shap has not been foun<i tFienu 
The other stream started from Scandinavia. Erratics, sonie of wliicli 
must have come from the north-western side of the Christiania PjorrI, 
occur on or near the coast from Essex to Yorkshire, and occasionally 

^ H, Home, Quart Joiirn. Qeol f!oc., lix. p. 375. 

A pebble of it is said to have beei\ i(hintifi(‘d at Moel 'Tryfiwfn. 

^ The lowest part of the gap is about feet. A little t.o seiUh i.s aiiefluT 
gap about 200 feet lower, but none of the boulders seem to hav(^ takon tluit riuite, 

* A boulder was even found above (Srosincnt in tlu^ Eske valloy, .‘Slfi feet above* 
gea-level. 
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even as far nortli as Aberdeen, while they have been traced from, the 
Bast Anglian coast to near Ware, Hitchin, and Bedford A It may be 
important to notice that these Scandinavian erratics are often waterworn, 
like those dispersed over Denmark and parts of Northern Germany, 

On the western side of England the course of erratics is not less 
remarkable. Boulders from South-Western Scotland, especially from the 
Kirkcudbright district, both waterworn and angular, are scattered over 
the lowlands as far south as Wolverhampton, Bridgnorth, and Church 
Stretton. They may be traced along the border' of North Wales, 
occurring, as has been said, though generally small, up to about 1,300 
feet on Moel Tryfaen, 1,100 feet at Gloppa, and more than that height 
on the hills east of Macclesfield. Boulders from the Lake District are 
scattered over much the same area and attain the same elevation, but 
extend, as might be expected, rather farther to the east in Lancashire. 
They also have been found on the eastern side of the Pennine watershed, 
perhaps the most remarkable instances being in the dales of the Derby- 
shire Derwent and on the adjacent hills as much as 1,400 feet above 
the sea-level.^ A third remarkable stream of erratics from the neigh- 
bourhood of the Arenig mountains extends from near 'the estuary of 
the Dee jight across the paths of the two streams from the north, its 
eastern border passing near Eugeley, Birmingham, and Bromsgrove. 
They also range high, occurring almost 900 feet above sea-level on 
Eorasley Hill, north of the Clents, and being common at Gloppa. 
Boulders also from the basalt mass of Eowley Eegis have travelled in 
some cases between four and five miles, and in directions ranging from 
rather west of south to north-east; and, though that mass hardly rises 
above llie 700-feet contour line, one lies with an Arenig boulder on 
Romsley Hill. From Oharnwood Forest, the crags of which range up 
to about 850 feet above sea-level, boulders have started which have been 
i, raced over an luea to the soul.h and west to a distance of more than 
twe^nty miles. 

Such, then, are the facts, which call for an interpretation. More 
tlian one lias been jiroposecl ; hit it will be well, before discussing them, 
to arrive at some idea of the climate of these islands during the colder 
part of the Glacial Epoch. Unless that were associated with very great 
changes in the distribution of sea and land in Northern and North- 
Western Europe, we may assume that neither the relative position of 
the isotherms nor the distribution of precipitation would be very 
materially altered, A general fall of temperature in the northern 
hemisphere might so weaken the warmer ocean current from the south- 
west that our coasiis might he approached by a cold one from the 

1 E. H. Eastall and J. Romanes, Qtutrt Jonrn. Oeol Soc., Ixv, (1909), p. 240. 

Communication from Dr. H. Aniold-BomroHe. 
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opposite direction.' But though these changes might diminish the 
difference between the temperatures of London and Leipzig, they would 
not make the former colder than the latter. At the present day the 
snow-line in the Alps on either side of the Upper Ehone Valley is not 
far from 8,000 feet above sea-level, and this corresponds with a tem- 
perature of about 30^. Glaciers, however, are not generally formed 
till about 1,000 feet higher, where the temperature is approximately 
27°. Penck and Bruckner place this line during the coldest part of the 
Tee Age at about 4,000 feet."" In that case the temperature of the Swiss 
lowland would be some 15^ lower than now, or near the freezing point." 
Tf this fall were general, it would bring back the small glaciers on the 
Gran Sasso d’ltalia and Monte Botondo in Corsica; perhaps also among 
the higher parts of the Vosges and Schwarzwald.* In our own country It 
would give a temperature of about 35^ at Carnarvon and 28° on the top 
of Snowdon, of 32° at Port William and 17.5° on the top of Ben Nevis. 
If; in addition to this, the land were 600 feet higher than now (as it 
probably was, at any rate in the beginning of the Glacial Epoch), there 
would be a further drop of 2°, so that glaciers would form in the conies 
of Snowdon, and the region round Ben Nevis might resemble the 
Oetzthal Alps at the present day. This change of itself would be in- 
sufficient, and any larger drop in the ocean-level would have to be con- 
tinental in its effects, since we cannot assume a local upheaval of much 
more than the above amount without seriously interfering with the 
river system of North Central Europe. But these clianges, espexially 
-the former, might indirectly diminish the abnormal warmth of whiter 
on our north-western, ox)asts.“ It is difficult to estimate the effect of 
this. If it did no more than place Caraarvon on the inotherm 
of Berlin (now lower by 2°), that would hardly bring a glacier 
from the Snowdonian region down to the sea. At the present time 
London is about ,18° wanner than a place in the same latitude near the 
Labrador coast or the mouth of the Amur Biver, but the removal of that 
difference would involve greater changes in the clistribui.ion of sea and 
land than seems possible at an epoch comparatively speaking so rec'ent. 

^ Facts to this sahjoct will bo found iu (HmMik mid TmiP^ l)y 4, Croll* 

ch. ii. and iii. {1875). Of course the air currents would also be alt(‘et<‘(b and |M*rhapH 
diminish precipitation as the latitude mcroas(id, 

2 Ijoc. cit,, p. 506, s&q. They say the snow-lino, which would moan that tlio 
temperature was only 12® lower than now; but as jwsaibly this lir)(^ might th<‘n more 
nearly correspond with that of glacier formation, I will provisionally accept the higher 
figures, specially since Corsica, the Apennines, and some other lo'calitii's in Kuroix*, 
seem to require a reduction of rather more than 12°. 

« It would he 32.5° at Zurich, 31.6° at Bern, 34.1° at Oonova, about 30.(1' on the 
plain of Piedmont, and 36.0° at Lyons. 

^ See for particulars the author’s .Ire (* Intuvnational Sehmiifio Heriw p. 237. 

^ For much valuable information on these <ju('stions a paper on the Climate of 
the Pleistocene Epoch (F. W. Farmer, Qmri. Jour/L (koL Ivii. (1001), p. 40,5). 
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I am doubtful whether we can attribute to changed currents a reduction . 
ill British temperatures of so much as 11° ; but, if we did, this would 
amount to 28° from all causes, and give a temperature of 20° to 22° 
at sea-level in England, during the coldest part of the Glacial Epoch. ^ 
Tliat is now found, roughly speaking, in Spitzbergen, which, since its 
mountains rise to much the same, height, should give us a general idea 
of tlie condition of Britain in the olden time. 

What would then be the state of Scandinavia? Its present tempera- 
ture ranges on the west coast from about 45° in the south to 35° in 
the north. ^ But this region must now be very much, possibly 
1,800 feet, lower than it was in pre-glacial, perhaps also in part of 
glacial, times. ^ If we added 5° for this to the original 15°, and 
allowed so much as 18° for the diversion of the* warm current, the 
temperature of Scandinavia would range from 7° to -3°, approximately 
that of Greenland northwards from Upernivik. But since the differ- 
ence at the i}resent day between Cape Farewell and Christiania (the 
one in an abnormally cold region, the other in one correspondingly 
warm) is only 7°, that allowance seems much too- large, while without 
it Scandinavia would correspond in temperature with some part of that 
country from south of Upernivik to north of Erederikshaab.'‘‘ But if 
Christiania were not colder than Jakobshavn is now, or Britain than 
Spitzbergen, we are precluded from comparisons with the coasts of 
Baffin Bay or Victoria Land. 

Thus the ice-sheet from Scandinavia would probably be much greater 
than those generated in Britain. It would, however, find an obstacle to 
progress- westwards, which cannot be ignored. If the bed of the North ■ 
Sea became dry land, owing to a general rise of 600 feet, that would 
still be separated from Norway by a deep channel, extending from the 
Christiania Fjord round the coast northward. Even then this would ■ 
be everywhere more than another 600 feet, deep, and almost as wide 
us the Strait of Dover.® The ice must cross this and afterwards be ’ 
forced for more than 300 miles up a slope, which, though gentle, would , 
be in vertical height at least 600 feet. The task, if accomplished by 


^ The prcHcut temperature in Ireland over the zone (from S. of Belfast to N. 
of {«alway .Bay) whieh is supiiosed to have formed the divide of the central snowlield 
may bo given as from 40° to 50°, nearly the same as at the sea-lovol in Caruarvon- 
shirc. Thus, though the district is less mountainous than Wales, it would not need 
a greater roducution, for the snowfall would probably bo rather larger. But this 
reduction could hardly be less than 20°, for the glaciers would have to form nearly at the 
present sea-lovel, 

^ It is 44.42° at Bergen, 38.48° at Bodo, 35.42° at Hammerfest, 41.36° at Chris- 
tiania and Stockholm, 

For particulars see Geol Mag,, 1899, p. 97 (W. H. Hudleston) and p. 282 (T. G. 
Bonnoy). 

^ Christiania and Cape FarowoU (Greenland) are nearly on the same latitude. 

For details sec Qtol. Mag., 1899, pp. 97 and 282. 
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thrust from behind, would be a heavy one, and, so far us I know, 
without a parallel at the present day; if the viscosity of tiie ice enabled 
it to flow, as has lately been urged," we must be cautious in appealing 
to the great Antarctic barrier, because we now learn that rnoi'e than 
half of it is only consolidated snow." Moreover, if the ice floated 
across that channel, the thickness of the boulder-bearing layers would 
be diminished by melting (as in Ross’s Barrier), and the more viscous 
the material, the greater the tendency for these to be left behind by 
the overflow of the cleaner upper layers. If, however, the whole region 
became dry land, the Scandinavian glaciers would descend into a 
broad valley, considerably more than 1,200 feet deep, which would 
afford them an easy path to the Arctic Ocean, so that only a lateral 
overflow, inconsiderable in volume, could spread itself over the western 
plateau." An ■ attempt to escape this difficulty has been made by 
assuming the existence of an independent centre of distribution for ice. 
and boulders near the middle of the North Sea bed^ (which would 
demand rather exceptional conditions of temperature and procipil.ation) ; 
but in such case either the Scandinavian ice would bo fended off from 
England, or the boulders, prior to its iidvaiice, must Iiiivc been dre^pped 
by floating ice on the iieighbouring sea-floor. 

If, then, our own country were but little better liiau Spihdjei'gen ns 
a producer of ice, and Scandinavia only surpassed Boiitlierii Grerudniid 
in having a rather heavier snowfall, what interpretation may we giv(^ 
to the glacial phenomena of Britain ? Throe have been proposed. ( )ne 
asserts that throughout the Glacial Epoch the British Isles gcm'i’ally 
stood at a higher level, so that iho icc which almost buried I hem 
flowed out on to the beds of the North and Irish Seas. The boulder 
clays represent its moraines. The stratified sands and gravels wer<5 
deposited in lakes formed by the rivers which were clammed up by ic'O- 
sheets.® A second interpretation recognises the presence of glaciers in 
the mountain regions, tut maintains that the land, at the ouiBc't rather 
above its present level, gradually sank boncutli the sea, till the {|(‘plli 
of water over the eastern coast of England was fully 500 feet, and 

^ H. M. Ucoloy, Crcol. il/r/f/., p. 230. 

^ E. Bhacklotoa, The Uvdrt of fhe AnUirctic, ii. 277. 

“ It has iiidoed boon aflinnxxl (htuiv mnutttriulv otj poHtuht'hdv nmifondfi- 

riwjer i KnstmmfeUed,i), (582) that at tlui ti(u<^ of l-h('. jjjmit ici^-Khoct of Europf lls(' 
sea-bottom xnust have been uplifted at least 8,r>(IO feet higlun* than at. pivwi'ut. 'I'his 
may be a ready explanation of the oooumMKie of uertaiii dt^ad Hhells in do(‘p watur, 
but, unless extremely local, it would revolutionise the drainage system of Oentral 
Europe. 

' ^ Qeol Mag., 1901, pp. 142, 187, 284, 322, 

« See Warren XJpham, Momgr. U.id. (kol. Sumg/, xxv. (imi). 'riiis explana- 
tion commends itself to the majority of British geologists as an explanation of th<^ 
noted parallel roads of Glonroy, but it is promatun^ tx> sjatak of it as * conehwivt^v 
showip {QmrL Journ. Gcol (Soc., Iviii. (1002), 472) until a fundamental dilliculiy 
which it presents has been discussed and reniovod. 
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over the western nearly 1,400 feet, from which depression it slowly 
recovered. By any such submergence Great Britain and Ireland would 
be broken up into a cluster of hilly islands, between which the tide 
from an extended Atlantic would sweep eastwards twice a ’day, its 
currents running strong through the narrower sounds, while move- 
ments in the reverse direction at the ebb would be much less vigorous. 
The third interpretation, in some respects intermediate, w^as first 
advanced by the late Professor Oarvill Lewis, who held that the peculiar 
boulder clays and associated sands (such as those of East Anglia), which, 
as was then thought, were not found more than about 450 feet above 
the present sea-level, had been deposited in a great fresh-water lake, 
held up by the ice-sheets already mentioned and by an isthmus, which 
at that time occupied the place of the Strait of Dover. Thus, these 
deposits, though indirectly due to land-ice, were actually fluviatile or 
lacustrine. But this interpretation need not detain us, though the 
former existence of such lakes is still maintained, on a small scale in 
Britain, on a much larger one in North America, because, as was 
pointed out when it was first advanced, it fails to explain the numerous 
erratic blocks and shell-bearing sands which occur far above the margin 
of the hypothetical lake. 

Each of the other two hypotheses involves grave difficulties. That 
of great confluent ice-sheets creeping over the British lowlands 
demands, as has been intimated, climatal conditions which are scarcely 
possible, and makes it hard to explain the sands and gravels, sometimes 
with regular alternate bedding, but more generally indicative of strong 
current action, which occur at various elevations to over 1,300 feet 
above sea-level, and seem too widespread to have been formed either 
beneath an ice-sheet or in lakes held up by one; for the latter, if of 
any size, would speedily check the velocity of influent streams. 
Also the mixture and crossing of boulders, which we have described, 
are inexplicable wdthout the most extraordinary oscillations in the size 
of the contributing glaciers. To suppose that the Scandinavian ice 
readied to Bedfordshire and Herts and then retired in favour of North 
British glaciers, or vm versd^ assumes an amount of variation which, 
BO far as I am aware, is without a parallel elsewhere. So also the mix- 
ture of boulders from South Scotland, the Lake District, and North 
Wales which lie, especially in parts of Staffordshire and Shropshire, 
as if dropped upon the surface, far exceeds what may reasonably be 
attributed to variations amplified by lateral spreading of mountain 
glaciers on reaching a lowland, while the frequent presence of shells in 
the drifts, dozens of miles away from the present coast, implies a rather 
improbable scooping up of the sea-bed without much injury to such 
fragile objects. The ice also must have been curiously inconstant in 
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its operations. It is supposed in one place to have glided gently 
over its bed, in another to have gripped and torn out huge masses of 
rock.^ Both actions may be possible in a mountain region, but it is 
very difficult to understand how they could occur in a lowland or plain. 
Besides this we can only account for some singular aberrations of 
boulders, such as Sliap granite well above Grosiiiont in Eskdale, or tlie 
Scandinavian rhomb -porphyry above Lockwood,- near Huddersfield, by 
assuming a flexibility in the lo])es of an ice-slieet which it is hard to 
match at the present time. Again, the boulder clay of the eastern 
counties is crowded, as we have described, with pebbles of chalk, wiiich 
generally are not of local origin, but have come from north of the Wash. 
Whether from the bed of a river or from a sea-beacli, they are certainly 
water-worn. But if preglacial, the supply would be quickly exhausted, 
so that they would usually be confined to the lower part of the clay. 
As it is, though perhaps they run larger here, they abound throughout. 
The so-called moraines near York (supposed to have been left by a 
glacier retreating up that vale), those in the ncighbourliood of Eiam- 
borough Head and of Sheringham (regarded as relics of the Nortli Sea 
ice-sheet) do not, in my opinion, show any important dilTcrencc in out- 
line from ordinary hills of sands and gravels, and ilieir materials are 
wholly luiliko those of any indubitable moraines that I liave either seen 
or studied in photographs. It may be said that the British glac.iers 
passed over very different rocks from the Alpine; but tlic Hwiss moiasse 
ouglit to have supplied abundant sand, and the older interglacial gravels 
quantities of pebbles; yet ilic differences between the morainic materials 
on the flank of the Jura or near the town of Geneva and those close to 
the foot of the Alps are varietal rather than specific. 

Borne authorities, however, attribute such magnitude to the ice- 
sheets radiating from Scandinavia that they depict them, at the time 
of maximum extension, as not only traversing the North Sea bed and 
trespassing upon the coast of England, but also radiating southward to 
overwhelm Denmark and Holland, to invade Northern Germany and 
Poland, to obliterate Hanover, Berlin, and Warsaw, and to slop but 
little short of Dresden and Cracow, while burying Bussia on tlie cast to 
within no great distance of the Volga and on the south to tlio neighbour- 
hood of Kief. Their presence, however, so far as I can ascertain, is in- 
ferred from evidence ” very similar to that which we have discussed in the 

^ That this has occurred at Cromer is a very dubious hypothesis {hoc (koL M(({/„ 
19U5> pp. 397, 524). The curiotia rebtioms oi the drift and chalk in th (5 islanuls of 
Moen and Riigen are sometimes supposed to prove the same action. Knowing both 
weH,.I have no hesitation in saying that the chalk there is, as a rule, as much m m(t& 
as it is ia the Isle of Wight. 

About half-way aeross England and ftlO- feet above sea-level P, R Kendali 
Quart, Jown, G&ol Soc.^ Iviii, (19021 p« 496. 

® A valuable summary of it is given in Th6 Great Icc JrfC, J. Geikic, eh. xxlx,, xxx. 
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British lowlands. That Scandinavia was at one time almost wholly buried 
beneath snow and ice is indubitable ; it is equally so that at the outset 
the land stood above its present level, and that during the later stages of 
the Glacial Epoch parts, at any rate of Southern Norway, had sunk 
down to a maximum depth of 800 feet. In Germany, however, erratics 
are scattered over its plain and stranded on the slopes of the Harz and 
Riesengebirge up to about 1,400 feet above sea-level. The glacial drifts 
of the lowlands sometimes contain dislodged masses of neighbouring 
rocks like those at Cromer, and we read of other indications of ice 
action. I must, however, observe that since the glacial deposits of M5en, 
Warnemiinde, and Riigen often present not only close resemblances to 
those of our eastern counties but also very similar difficulties, it is not 
permissible to quote the one in support of the other, seeing that the origin 
of each is equally dubious. Given a sufficient ' head ’ of ice in northern 
regions, it might be possible to transfer the remains of organisms from 
the bed of the Irish Sea to Moel Tryfaen, Macclesfield, and Gloppa ; 
but at the last-named, if not at the others, we must assume the existence 
of steadily alternating currents in the lakes in order to explain the 
corresponding bedding of the deposit. This, however, is not the only 
difficulty. The ‘ Irish Sea glacier ’ is supposed to have been com- 
posed of streams from Ireland, South-West Scotland, and the Lake 
District, of which the second furnished the dominant contingent ; the 
.first-named not producing any direct effect on the western coast of 
Great Britain, and the third being made to feel its inferiority and 
‘ shouldered in upon the mainland.’ But even if this ever happened, 
ought not the Welsh ice to have joined issue with the invaders 
a good many miles to the north of its own coast? ^ Welsh boulders 
at any rate are common near the summit of Moel Tryfaen, and I 
have no hesitation in saying that the pebbles of riebeckite-rock, far 
from rare in its drifts, come from Mynydd Mawr, hardly half a league 
‘to the E.S.E., and not from Ailsa Oraig.“ 

As such frequent appeal is made to the superior volume of the ice- 
sheet which poured from the Northern Hills over the bed of the Irish 
Sea, I will compare in more detail the ice-producing capacities of the 

* From Mod Tryfaen to the nearest point of Scotland is well over a hundred 
miles, and it is a few less than this distance from Gloppa to the Lake District. In 
order to allow the Irish Sea icc-shcct to reach the top of Moel Tryfaen the glacier 
productive power of iSnowdonia has been minimised (Wright, Man and the Glacial 
Mpoch^ pp. 171, 172). But the diliercnce between that and the Arenig region is not 
great enough to make the one incompetent to protect its own borderland while the 
other could send an ice-shoet which could almost cover the Clent Hills and reach the 
neighbourhood of Birmingham. Anglesey also, if we suppose a slight elevation and a 
temperature of 29° at the sea-level, would become a centre of ice-distribution and an 
advance guard to North Wales. 

The boulders of picrite near Forth Nobla, from Llanerchymedd, though they 
have travelled southward, have moved away much to the west. 
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seyeral districts. The present temperature of Wcsl-Cciitrai Scotland 
may he taken as 47°; its surface as averaging about 2,500 feet, rising 
occasionally to nearly 4,000 feet above sea-level. In the western part 
of the Southern Uplands the temperature is a degree higher, and the 
average for altitude at most not above 1,500 feet. In the Lake Dis- 
trict and the Northern Pennines the temperature is increased by another 
degree, and the heights are, for the one 1,800 feet with a maximiun of 
3,162 feet, for the other 1,200 feet and 2,802 feet. In North Wales- 
the temperature is 50°, the average height perhaps 2,000 feet, nml the 
culminating point 3,571 feet. Por the purpose of comparing the ice- 
producing powers of these districts we may bring them to one tempera- 
ture by adding 300 feet to the height for each degree below that of the 
Welsh region. This would raise the average elevation of Central and 
Southern Scotland to 3,400 feet and 2,100 feet respectively ; for the Lake 
District and Northern Pennines to 2,100 feet and 1,5)00 fetd. We may 
picture to ourselves what this would mean, if the snow-line were at the 
sea-level in North Wales, by imagining 8,000 feet added to its height 
and comparing it with the Alps. North Wales would then resemble a 
part of that chain which had an average height of about 10,000 feet 
above sea-level, and culminated in a peak of 11,571 feet; the Lake Dis- 
trict would hardly differ from it; the Northern Pennines would be like a 
range of about 9,000 feet, its highest peak being 11,192 feet. Southern 
Scotland would be much the same in average iicight as tiio first and 
second, and would rise, though rarely, to above 11,000 feet; the average 
in Central Scotland would be about 11,400 feet, and the niaxinnun about 
13,000 feet. Thus, North Wales, the Lake District, and iho Southern 
Uplands would differ little in ice-productive power; wliilc Ceulral 
Scotland would distinctly exceed them, but not more than the group 
around the Pinsteraarhorn does that giving birth to t!io Phono glacier. 
In one respect, however, all these districts would differ from the Alps 
that, at 8,000 feet, the surface, instead of being furrowed witli valleys, 
small and great,, would be a gently shelving plateau, which would favour 
the formation of piedmont glaciers. Still, unless wo assinuo the present 
distribution of rainfall to be completely altered (for which I do not know 
any reason), the relative magnitudes of the ice coming from these ecnf res 
(virhether 'separate glaciers or confluent sheets) could differ but liUh*. 
Scotch ice would not appreciably * shoulder inland ’ that from the Lake 
District, nor would the Welsh ice be imprisoned within its own valleys. 

During the last few years, however, the lake-hypothesis of Carvili 
Lewis has been revived under a rather different form by some English 
advoc’at^i Of land-ibe. 'For instance, the former presence of ice- 
dammed lakes is supposed to be indicated in the upper parts of the 
Cleveland Hills by certain overflow channels. I may bo allowed to 
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observe that, though this view is the outcome of much acute observa- 
tion and reasoning,^ it is ■ wholly dependent upon the ice-barriers 
already mentioned, and that if they dissolve before the dry light of 
sceptical criticism, the lakes will ‘ leave not a rack behind- ’ I must 
also confess that to my eyes the so-called ‘ overflow channels much 
more closely resemble the remnants of ancient valley-systems, formed 
by only moderately rapid rivers, which have been isolated by the tres- 
pass of younger and more energetic streams, and they suggest that the 
main features of this picturesque upland were developed before rather, 
than after the beginning of the Glacial Epoch.' ,I think that even * Lake 
Pickering,’ though it has become an accepted fact with several’ 
geologists of high repute, can be* more simply explained as a two-- 
branched Walley of strike,’ formed on the Kinieridge clay, the 
eastern arm of which was beheaded, even in preglacial times, by the 
sea.“ As to Lake Oxford,^ I must confess myself still more scepticaL 
Some changes no doubt have occurred in later glacial and postglacial 
times; valleys have been here raised by deposit, there deepened some- 
times by as much as 100 feet; the courses’ of lowland rivers may 
occasionally have been altered ; but I doubt whether, since those times 
began, either ice-sheet or lake has ever concealed the site of that Uni- 
versity city. 

The submergence hypothesis assumes that, at the beginning of the 
Glacial Epoch, our islands stood rather above their present level, and 
during it gradually subsided, on the west to a greater extent than on’ 
the east, till at last the movement was reversed, and they returned nearly 
to their former position. During most of this time glaciers came 
dpwn to the sea from the more mountainous islands, and in winter an 
ice-foot formed upon the shore. This, on becoming detached, carried 
away boulders, beach pebbles, and finer detritus. Great quantities of 
the last also’ were swept by swollen streams, into the estuaries and 
spread over the sea-bed by coast currents, settling down especially in 
the quiet depths of submerged valleys. Shore-ice in Arctic regions, as; 
Colouel H. W. Eeilden^ has described, can striate stones and even the 
rock beneath it, and is able, on a subsiding area, gradually to push 
Ijoulders up to a higher level. In fact the state of the British region 
in those ages would not have been unlike that still existing near the' 
coasts of the Barents and Kara Seas. Over the submerged region 
southward, and in some cases more or less eastward, currents would 

^ P. F. Keiuiall, Quart. Jovrn. Geol Soc.. Iviii. (1902), 471. 

iSoe for instance the courses of the Medway and the Beult over the Weald clay 
(C. 1.0 Neve Foster and W. Topley, Qmrt. Journ. Geol. Soc., xxi, .(1865), p. 443). 

F. W. Manner, Quart Journ. Gwl Noc,, Ixiii. (1907), p. 470. 

^ Quart. Journ. ikoL Soc., xxxiv. (1878), p. f>56. 



28 


prbsident's address. 


be prevalent; tliougii changes of wind^ would often aEcct the drift 
of the floating ice-rafts. But though the submergence hypothesis is 
obviously free from the serious difficulties which have been indicated in 
discussing the other one, gives a simple explanation of the presence of 
marine organisms, and accords with what can be proved to have 
occurred in Norway, Waigate Island, Novaia Zemlya, on the Lower 
St. Lawrence, in Grinnell Land, and elsewhere, “ it undoubtedly in- 
volves others. One of tliein — the absence of shore icrraces, caves, or 
other sea marks-— is perhaps hardly so grave as ii, is often thouglit 
to be. It may be met by the remark that unless llic Glacial Ago 
lasted for a very long time and the movements were interrupted by 
well-marked pauses, we could not expect to find any such record. J.n 
regard also to another objection, the rather rare and sporadic occur- 
rence of marine shells, the answer would be that, on the Norway coast, 
where the icc-worn rock has certainly been submerged, sea-shells are 
far from common and occur sporadically in the raised deltaic deposits 
of the fjords."* An advocate of this view might also complain, not 
without justice, that, if he cited an inland terrace, it was promptly dis- 
missed as the product of an ice-dammed lake, and Ins frequent instances 
of marine shells in stratified drifts w^erc declared to have been t.ran.s- 
ported from the sea by the lobe of an ice-sheet; even if they have 
been carried across the path of the Arcnig ice, more than forty miles, 
as the crow flies, from the Irish' Bea up the Vall<‘y of the Sev(‘rn, or 
forced some 1,300 feet up Moel Tryfaen.^ The difficulty in the latter 
case, he would observe, is not met by saying the ice-sheet \vould be 
able to climb that hill ‘ given there were a sufficient head })e]nnd 
it.’ ® That ice can be driven uphill has long been known, but the 
existence of the ‘ sufficient head ' must be demonstrated, not assumed. 
There may be * no logical halting-place between an uplift of ten or 
twenty feet to surmount a rocJia moutonm^c and an equally gradual 
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1 tScc ]). and for the eurronts now dominaut C(HiKnlt Dr. H, Iksnett in Pniftw 
J I or(linaii’ii.Rcj)ori on the Lancashire Sea KiHherieH, Tmna. Bio!. Bov. LirtrmoL xxi 
(1910), '(). 12, L ■' 

Hoc Im Work, ]). 221, and (kol 1900, p. 289. 

If, as seems j)rohab]e, the temporatnro was ehangiiiK rather muidlv Die old 
fjords pauporisod and the now ouo make its way hut slowly into tire British 

^ ( Iritios of tho subinorgonoo hypothosiH soom to fiial a difiieultv in admittin^^ 
dowiuvMd and upward inovcnieuts, amouuting somotimes to nearly 1, 4(H) fwi 
during Pleistocene Ages ; hut in the northern part of America the upheavaL at anv 
rate, has amounted to about 1,000 feet, while on tho wostem coast, beneath the 
lotty summit of Mount St. Elias, marine shells of existing siicoios have Imen obtaincfl 
some 6,000 feet above sea-level It is also admitted that in several places th(» pre- 
giaoial surface of the land was much above its present level. On the Retl River, 
explanation, foraminifers, radiolarians, and sponge spicules have been 
Irabout sea-level, and near Victoria, on the Saskatchewan, even up 

® P. E. Kendall in Wright’s J/aa and the Qhdd Period, p. 171. 
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elevation to the height 6l Moel Tryfaen,’ yet there is common-sense 
limitation, even to a destructive sorites. The argument, in fact, is 
more specious than valid, till we are told approximately how thick 
the northern ice must be to produce the requisite pressure, and whether 
such an accumulation would be j)ossible. The advocates of land ice 
admit that, before it had covered more than a few leagues on its south- 
ward journey its thickness was less than 2,000 feet, and we are not 
entitled, as I have endeavoured to show, to pile up ice indefinitely 
on either our British highlands or the adjacent sea-bed. The same 
reason also forbids us largely to augment the thickness of the latter 
by the snowfall on its surface, as happens to the Antarctic barrier ice. 
Even if the thickness of the ice-cap over the Dumfries and Kirkcudbright 
hills had been about 2,500 feet, that, with every allowance for viscosity, 
would hardly give us a head sufficient to force a layer of ice from the 
level of the sea-bed to a height of nearly 1,400 feet above it and at 
a distance of more than 100 miles. 

Neither can we obtain much support from the instance in Spitz - 
bergen, described by Professors Garwood and Gregory, where the Ivory 
Glacier, after crossing the bed of a valley, had transported marine 
shells and drift from the floor (little above sea-level) to a height of about 
400 feet on the opposite slope. Here the valley was narrow, and the 
glacier had descended from an inland ice-reservoir, much of which was 
at least 2,800 feet above the sea, and rose occasionally more than a 
thousand feet higher.^ 

But other difficulties are far more grave. The thickness of the 
chalky boulder clay alone, as has been stated, not unfrequently exceeds 
100 feet, and, though often much less, may have been reduced by denuda- 
tion. This is an enormous amount to have been transported and distributed 
by floating ice. The materials also are not much more easily accounted 
for by this than by the other hypothesis. A continuous supply of well- 
worn chalk pebbles might indeed be kept up from a gradually rising 
or sinking beach, but it is difficult to see how, until the land had sub- 
sided for at least 200 feet, the chalky boulder clay could be deposited 
in some of the East Anglian valleys or on the Leicestershire hills. That 
depression, however, would seriously diminish the area of exposed 
chalk in Lincolnshire and Yorkshire, and the double of it would almost 
drown that rock. Again, the East Anglian boulder clay, as we have 
said, frequently abounds in fragments atid finer detritus from the 
Kimeridge and Oxford clays. But a large part of their outcrop would 
disappear before the former submergence was completed. Yet the mate- 
rials of the boulder clay, though changing as it is traced across the 
country, more especially from east to west, seem to vary little in a 

^ Quart. Jour. liv. (1898), p. 20.^. Earlier oljservatinns of some 

upthrust of materials' by' a glacier are noted on p. 219. _ ^ 
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vertical direction. The instances, also, of the transportation of boulders 
and smaller stones to higher levels, sometimes large in amount, as in 
the transference of ‘ brockram ’ from outcrops near the bed of the Eden 
valley to the level of Stainmoor Gap, seem to be too numerous to be 
readily explained by the uplifting action of shore-ice in a subsiding 
area. Such a process is possible, but we should anticipate it would 
be rather exceptional. 

Submergence also readily accounts for the above-named sands and 
gravels, but not quite so easily for their occurrence at such very different 
levels. On the eastern side of England gravelly sands may be 
found beneath the chalky boulder clay from well below sea-levtd to three 
or four hundred feet above it. Again, since, on the submergence, hypo- 
thesis, the lower boulder clay about the estuaries of the Dee and the 
Mersey must represent a deposit from piedmont ice in a shallow sea, 
the mid-glacial sand (sometimes not very clearly marked in this part) 
ought not to be more than forty or fifty feet above the present Ordnance 
datum. But at Manchester it reaches over 200 feet, while near Hey- 
wood it is at least 425 feet. In other words the sands nml gravels, 
presumably (often certainly) mid-glacial, mantle, like the upper boulder 
clay, over great irregularities of the surface, and are someiime.s found, 
as already stated, up to more than 1,200 feet. Either of these deposits 
may have followed the sea-line upwards or downwards, but that expla- 
nation would almost compel us to suppose that the sand was deposited 
during the submergence and the upper clay during the (‘mergence; so 
that, with the former material, the higher in position is newta* in 
time, and with the latter the reverse. We must not, how(‘ver, forget 
that in the island of Btigen we find more than one example of a strati- 
fied gravelly sand between two beds of boulder clay (containing Scandi- 
navian erratics) which present some resemblance to the bouhk^r (days f>f 
Eastern England, while certain glacial deposits at Warnemundo, on ilu> 
Baltic coast, sometimes remind us of the Contorted Drift of Norfolk. 

Towards the close of the Glacial Epoch, the deposition of the lionldcr 
clay ceased ^ and its denudation began. On the low plateaux (d th(‘ 
Eastern Counties it is often succeeded by doarse gravels, largtdy com- 
posed of flint, more or less water- worn. These occasionally include* small 
intercalations of boulder clay, have evidently bc(‘n deriv(*d fruhi it, and 
indicate movement by fairly strong currents. Bimilar graveds an* found 
overlying the boulder clay in other parts of England, a<>m(*.timBs at 
greater heights above sea-level. Occasionally ' thci two arc intiiiratedy 
related. For instance, a pit on the broad, almost levtd, to|) of llu* 
Gogmagog Hills, about 200 feet above sea-level and four miles south of 
Cambridge, shows ’a current-bedded sand and gravel, overlain by a 

^ Probably deposits of a distinctly glacial origin (such as ibo»<^ near Hensb* in 
Yorkshire) continued in the northern districts, but on thma we ju*e<i not linger. 
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boulder clay, obyiously rearranged; while other pits in the immediate 
neighbourhood expose varieties and mixtures of one or the other 
material. But, as true boulder clay occurs in the valley , below, these 
gravels must have been deposited, and that by rather strong currents, 
on a hill-top — a thing which seems impossible under anything like the 
existing conditions ; and, even if the lowland were buried .beneath ice full 
200 feet in thickness, which made the hill-top into the bed of a lake,, it is 
difficult to understand how the waters of that could be in rapid motion. 
Rearranged boulder clays also occur on the slopes of valleys ^ which may 
be explained, with perhaps some of the curious sections near Sudbury, 
by the slipping' of materials from a higher position. But at Old 
Oswestry gravels with indications of ice action are found at the foot .of 
the hills almost 700 feet below those of Gloppa. . 

Often the plateau gravels are followed at-a^ lower' level by terrace 
gravels, “ which descend towards the existing rivers, and suggest that 
valleys have been sometimes deepened, sometimes only re-excavated. 
'The latter gravels are obviously deposited by rivers larger -and stronger 
than those which now wind their way seawards, but it is difficult to ex- 
plain the former gravels by any fluviatile action, whether the water from 
a melting ice-sheet ran over the land or into a lake, held up by some tem- 
porary barrier. But the sorting action of currents in a slowly shallow- 
ing sea would be quite competent to account for them, so they afford an 
indirect support to the hypothesis of submergence. It is, however, 
generally admitted that there have been oscillations both of level and of 
climate since any boulder clay was deposited in the districts south of the 
Humber and the Ribble. The passing of the Great Ice Age was not 
sudden, and glaciers may have lingered in our mountain regions when 
palffiolithic man hunted the mammoth in the valley of the Thames., or 
frequented the caves of Devon and Mendip. But of these times of tran- 
sition before written history became possible, and of sundry interesting 
topics connected with the Ice Age itself — of its cause, date, and duration, 
whether it was persistent or interrupted by warmer episodes, and, if so, 
by what number, of how often it had already recurred in the history of 
the earth — ^I must, for obvious reasons, refrain from speaking, and 
content myself with having endeavoured to place before you the facts 
of which, in iny opinion, we must take account in reconstructing the 
physical geography of Western Europe, and especially of our own 
country, during the Age of Ice. 

Not unnaturally you will expect a decision in favour of one or the 
other litigant after this long summing up. But I can only say that, in 
regard to the Britisli Tales, the difficulties in either hypothesis appear so 

’ Tor at fitaniiiiigfield in the valley of the Lark. 

- ThcR(‘ contain tlui inHtiniTncnts worked hy T)ala?.olithic (Acheulean) man who, in 
this country at any rate, is later than the cluilky boulder clay. 
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great that, while I consider those in the ' land-ice ’ hypothesis to be the 
more serious, I cannot as yet declare the other one to be satisfactorily 
established, and think we shall be wiser in working on in the hope of 
clearing up some of the perplexities. I may add that, for these purposes, 
regions like the northern coasts of Kussia and Siberia appear to me more 
promising than those in closer proximity to the North or South Mag- 
netic Poles. This may seem a ‘ lame and impotent conclusion ’ to so long 
a disquisition, but there are stages in the development of a scientific idea 
when the best service we can do it is by attempting to separate facts from 
fancies, by demanding that difhculties should be frankly faced instead 
of being severely ignored, by insisting that the giving of a name (‘,annot 
convert the imaginary into the real, and by remembering that if hypo- 
theses yet on their trial are treated as axioms, the result will often bring 
disaster, like building a tower on a foundation of sand. To scrutinise, 
rather than to advocate any hypothesis, has been my aim throughout 
this address, and, if my, efforts have been to some extent successful, I 
trust to be forgiven, though I may have trespassed on your patience 
and disappointed a legitimate expectation. 
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Since the last meeting of our Association one of the most illustrious of the 
British workers in science during the nineteenth century has been removed from 
us by the death of Sir William Huggins. In the middle of the last century Sir 
William Huggins commenced that pioneer work of examination of the spectra of 
the stars which has ensured for him enduring fame in connection with the 
foundation of the science of Astrophysics. The exigencies of his work of 
analysis of the stellar spectra led him to undertake a minute examination of the 
spectra of the elements with a view to the determination of as many lines as 
possible. To the spectroscope he later added the photographic film as an instru- 
ment of research in hi.s studies of the heavenly bodies. In 1864 Sir William 
Huggins made the important observation that many of the nebuhe have spectra 
which consist of bright lines ; and two years later he observed, in the case of a 
new star, both bright and dark lines in the same spectrum. In 1868 his pene- 
trating and alert mind made him the first to perceive that the Doppler principle 
could bo applied to the determination of the velocities of stars in the line of 
sight, and he at once set about the application of the method. His life-work, in 
a domain of absorbing interest, was rewarded by a rich harvest of discovery, 
obtained aKS the result of most patient and minute investigations. The ‘Alias 
of Representative Stellar Spectra/ published in the names of himself and Lady 
Huggins, remains as a monumental record of their joint labours. 

The nanie.s of the great departments of science, Mathematics, Physics. 
Astronomy, Meteorology, which are associated with Section A, are a sufficient 
indication of the vast range of investigation which comes under the purview of 
our Section. An opinion has been strongly expressed in some quarters that the 
time has come for the erection of a separate Section for Astronomy and Meteor- 
ology, in order that fuller opportunities may be afforded than hitherto for the 
discussion of matters of special interest to those devoted to these departments of 
Science. I do not share this view. I believe that, whilst the customary division 
into sub-sections gives reasonable facilities for the treatment of questions interest- 
ing solely to specialists in the various branches with which our Section is con- 
cerned, a policy of disruption would be injurious to the wider interests of science. 
The close association of the older Astronomy with Mathematics, and of the 
newer Astronomy with Physic^s, form strong presumptions against the change 
that has been suggested. Meteorology, so far as it goes beyond the purely em- 
pirical region, i.s, and must always remain, a branch of Physics. No doubt, the 
more technical problems which arise in connection with these subjects, though of 
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areat importance to specialists, are often of little or no interest to workers in 
Sosnate departments. It appears to me,^ however, that it is unwise, in view of 
the general objects of the British Association, to give too much prominence in 
the meetings to the more technical aspects of the various departments oi science. 
Ample opportunities for the full discussion of all the detailed problems, the solu- 
tion of which forms a great and necessary part of the work of those who are 
advancing science in its various branches, are afforded by the special .Societies 
which make those branches their exclusive concern. The Britmh A.ssoaation. 
will, in my view, be performing its functions most efficiently if it gives much 
prominence to those aspects of each branch of science which are, of interest to a 
public at least in some degree larger than the circle of specialists com-erned with 
the particular branch. To afford an opportunity to workers in any one depart- 
ment of obtaining some knowledge of what is going on m other departments, to 
stimulate by means of personal intercourse with workers on other lines the sense 
of solidarity of men of science, to do something to counteract that tendency to 
narrowness of view which is a danger arising from increasing specialisation, are 
functions, the due performance of which may do much to further that supremo 
object, the advancement of science, for which the British Association exists. 

I propose to address to you a few remarks, necessarily fragmentary and incom- 
plete, upon the scope and tendencies of modern Mathematic.s. Not to transgress 
against the canon I have laid down, I shall endeavour to make rny treatment of 
the subject as little technical as possible. 

Probably no other department of knowledge plays a larger part outside its 
own narrower domain than Mathematics. Some of its more elementary concep- 
tions and methods have become part of the common heritage of our civilisation, 
interwoven in the every-day life of the people. Perhaps the grc:ite.st labour- 
saving invention that the world has seen belongs to the formal side of !Mathe- 
niatics; I allude to our system of numerical notation. This sy.stmn which, when 
scrutinised, affords the simplest illustration of the importance of ^Mathematical 
form, has become so much an indispensable part of our mental furuittire that 
some effort is required to realise that an apparently^ .so obvious idea embodies 
a great invention ; one to which the Greeks, with their unsurpassed ca})acity for 
abstract thinking, never attained. An attempt to dt) a multiplication sum in 
Roman numerals is perhaps the readiest road to an appreciati(jn of the advan- 
tages of this great invention. In a largo group of .sciences, ihe formal eleinenl, 
the common language, so to speak, is supplied by Mathematics; the. range of the 
application of mathematical methods and symbolism is ever increa.Hing. Without 
taking too literally the celebrated dictum of the great’ philosopher Kant, that 
■the amount of real science to be found in any special stibjcct Is the amount of 
Mathematics contained therein, it must he admitted that (‘ach branch fjf .science 
which is concerned with natural phenomena, when it has reached a certain stage 
of development, becomes accessible to, and hn.s nee<l cd’, luittlwanaticul methods 
and language ; this stage has, for example, been reached in our time by parts of 
the science of Chemistry. Even Biology and Economic.s have begun to rcepiirc 
mathematical methods, at least on their statistical side. A.s a scumcc emerges 
fpm the stages in which it consists solely of more or less syKtematised descrip- 
tions of the phenomena with which it is concerned in their juore superffeial 
aspect; when the intensive magnitudes dis<‘erne(I in tlu' phcnou!(*na iMH^ome re- 
presentable as extensive magnitudes, then is the beginning of the a)>plication of 
mathematical modes of thought; at a still later stage, wlieu the |>henomena 
become accessible to dynamical treatment, Mathematics is applicable to the sub- 
jeot to a still greater extent. 

Mathematics shares with the clo.S0ly allied subject of Astronomy t!w honour 
of being the oldest of the sciences. When we consider that it embodies, in an 
abstract form, some of the more obvious, and yet fundamental, aspects of our 
experience of the external world, this is not altogether stirpri.sing. The com- 
paratively high^ degree of development which, as recent historicad discoveries 
have disclosed, it had attained amongst the Babylonians more than five tliousand 
years b.c., may well astonish us. These times mmst have Ix*en pret^edod by still 
earlier a^es in which the mental evolution of man led him to the msc of the tally, 
and of simple modes of measurement, long before the notions of number ami of 
magnitude appeared in an explicit form. 
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I have said that Mathematics is the oldest of the sciences; a glance at its 
more recent history will show that it has the energy of perpetual youth. The 
output of contributions to the advance of the science during the last century and 
more has been so enormous that it is difficult to say whether pride in the great- 
ness of_ achievement in^ his subject, or despair at his inability to cope with the 
multiplicitj of its detailed developments, should be the dominant feeling of the 
mathematician. Pew people outside the small circle of mathematical specialistir 
have any idea of the vast growth of mathematical literature. The Royal Societ;y 
Catalogue contains a list of nearly thirty-nine thousand papers on subjects of Pure 
Mathematics alone, which have appeared in seven hundred serials during the nine- 
teenth century. This represents only a portion of the total output ; the very large 
number of treatises, _ dissertations, and monographs published during the century 
being omitted. During the first decade of the twentieth century this activity has 
proceeded at an accelerated rate. Mathematical contributions to Mechanics, 
Physics, and Astronomy would greatly swell the total. A notion of the range of 
the literature relating not only to Pure Mathematics but also to all branches of 
science to which mathematical methods have been applied will be best obtained by 
an examination of that monumental work, the ‘ Encyclopadie der mathematischen 
Wissenschaf ten ’ — when it is completed. 

The concepts of the pure mathematician, no less than those of physicist, 
had their origin in physical experience analysed and clarified by the reflective 
activities of the human mind; but the two sets of concepts stand on different 
planes in regard to the degree of abstraction which is necessary in their forma- 
tion. Those of the mathematician are more remote from actual unanalysed pre- 
cepts than are_ those of the physicist, having undergone in their formation a more 
complete idealisation and removal of elements inessential in regard to the purposes 
for which they are constructed. This difference in the planes of thought fre- 
quently gives rise to a certain misunderstanding between the mathematician and 
the physicist, due in the case of either to an inadequate appreciation of the point 
of view of the other. On the one hand it is frequently and truly said of par- 
ticular mathematicians that they are lacking in the physical instinct ; and on the 
other hand a certain lack of sympathy is frequently manifested on the part of 
physicists for the aims a.nd ideals of the mathematician. The habits of mind 
and the ideals of the mathematician and of the physicist cannot be of an identical 
character. The concepts of the mathematician necessarily lack, in their pure 
form, just that element of concreteness which is an essential condition of the 
success of the physicist, but which to the mathematician would often only obscure 
those aspects of things which it is his province to study. The abstract mathe- 
matical standard of exactitude is one of which the physicist can make no direct 
use. The calculations in Mathematics are directed towards ideal precision, those 
in Physics consist of approximations within assigned limits of error. The 
physicist can, for example, make no direct use of such an object as an irrational 
number ; in any given case a properly chosen rational number approximating to 
the irrational one is sufficient for his purpose. Such a notion as continuity, as 
it occurs in .Mathematics, is, in its purity, unknown to the physicist, who can 
make n.se only of sensible continuity. The physical counterpart of mathematif2al 
discontinuity is very rapid change through a thin layer of transition, or during 
a very short time. Much of the skill of the true mathematical physicist and of 
the raatheniatical astronomer consists in the power of adapting methods and 
results carried out on an exact mathematical basis to obtain approximations suffi- 
cient for the purposes of physical measurement. It might perhaps be thought 
that a scheme of I\lathcmatics on a frankly approximative basis would be suffi- 
cient for all the pra<'tica] jmrposes of application in Physics, Engineering Science, 
and Astronomy ; and no doubt it would be possible to develope, to some extent 
at least, a species of i\Inthi‘matics on these lines. Such a system would, how- 
ever, involve an intolerable awkwardness and prolixity in the statement of results, 
especially in view of the fact that the degrees of approximation necessary for 
various purposes are very different, and thus that unassigned grades of approxi- 
mation would liavc to be provided for. Moreover the mathematician working 
on tliese lines would be cut off from his chief sources of inspiration, the ideals 
of exactitude and logical rigour, as well as from one of his most indispensahlr, 
guides to diserwery, symmetry and permanence of mathematical form. The 
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history of the actual movements of mathematical thought through the centuries 
shows that these ideals are the very life-blood of the science, and warrants the 
conclusion that a constant striving towards their attainment is an absolutely 
essential condition of vigorous growth. These ideals have their roots in irresistible 
impulses and deep-seated needs of the human mind, manifested in its efforts to 
introduce intelligibility into certain great domains of the world of thought. 

There exists a widespread impression amongst physicists, engineers, and other 
men of science that the effect of recent developments of Pure Mathematics, by 
making it more abstract than formerly, has been to remove it further from the 
order of ideas of those who are primarily concerned with the phy.sical world. 
The prejudice that Pure Mathematics has its sole raisoji d’etre in its function of 
providing useful tools for application in the physical sciences, a lu’ejudico which 
did much to retard the due development of Pure Alathematics in this country 
during the nineteenth century, is by no means extinct. It is _not inj'requently 
said that the present devotion of many mathematicians to the interminable dis- 
cussion of purely abstract questions relating to modern developments of the 
notions of number and function, and to theories of algebraic form, serves only 
the purpose of deflecting them from their proper work into pjiths which lead 
nowhere. It is considered that mathematicians axe apt to occupy theni.selves too 
exclusively with ideas too remote from the physical order in \\’hich Mathematics 
had its origin and in which it should still find its proper applications. direct 
answer to the question rui hono? when it is raised in ros}>ect of a, departnumi of 
study such as Pure Mathematics, seldom carrie.'i conviction, in default of a 
standard of values common to those who ask and to those wh{> answer the 
question. To appreciate the importance of a sj)hcre of numta! activity ililTerent 
from our own always reqvdres some effort of the sympathcti(‘ imagination, some 
recognition of the fact that the absolute v:duc of intcrest.s and ideals of a par- 
ticular class may be much greater than the value which our own nuntality inclimw 
us to attach to them. If a. defence is needed of the expenditure of time and 
energy on the abstract problems of Pure ]\Tathomati<-s, that defence nuist be of 
a cumulative character. The fact that abstract mathematical thinking i.*^ one 
of the normal forms of activity of the human mind, a fact which tlu» general 
history of thought fully establishes, will appeal to some minds as a ground af 
decisive weight. A great department of thought must have its <»wn inner life, 
however transcendent may be the importance of its relations to the outside. No 
department of science, kuist of all one roipiiring so high a d<'gria^ of mental con- 
centration as Mathematics, can be developed entirely, or t‘ven mainly, with a 
view to applications outside its own range. The 'incr(Mist‘d comphnxity and 
specialisation of all branches of knowledge make.s it trne in the ]>r(‘st*ut, howeviU’ 
it may have been in former times, that important advances in such a <le[>artment 
as Mathematics can be expected only from men who arc intenistod in the subject 
for its own sake, and who, whilst keeping an open mind for suggestions from 
outside, allow their thought to range fre<dy in tho.se lines of ndvams' wln'i'h are 
indicated by the present state of their subject, untrammelled by any preo{‘cupa< 
tion as to applications to other departments of .science. Even* with a vi«‘w ti\ 
applications, if Mathematics is to be adequately equipped for the purpose of 
coping with the intricate problems which will ho present(ul to it in the future by 
Physics, Chemistry, and other branche.s of physical .scienc<‘, many of th(‘se 
problems probably of a character which wo cannot at prt'sent forecast, it is 
essential that IMathematic's should he allowed to dovelope itself freely on its own 
lines. Even if much of our present mathematical theorising turns o‘ut to be use- 
less for external purposes, it is wiser, for a well-known nsaacju, to allow tlm 
wheat and the tares to grow together. It would be. easy to establish in detail 
that many of the applications which have been actually made of .Mathematics 
were wholly unforeseen by tho.se who fa\st dovelo|>e<I thV metiiods and ideas on 
which they rest. Recently, the more refined mathematical methods which have 
been applied to gravitational Astronomy by Helaimay, fl. W. Rill, Pninenre, 
E. W. Brown, and others, have thrown'much light (ui questitms relating to the 
solar system, and have much increased the accuracy of cur knowlcdg<‘ of the 
motions of the moon and the planets. Who knows whnt weapons ftn-ged by the 
theories of functions, of differential equations, or of groups, may be required 
when the time comes for such an empirical law as Mendeleeff’s periodic Inw of 
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tlie elements to^ receive its dynamical explanation by means of an analysis of the 
detailed possibilities of relatively stable types of motion, the general schematic 
character of which will have been indicated by the physicist? It is undoubtedly 
true that the cleft between Pure Mathematics and Physical Science is at the present 
time wider than formerly. That is, however, a result of the natural development, 
on their own lines, of both subjects. In the classical period of the eighteenth 
century, the time of Lagrange and Laplace, the nature of the physical investiga- 
tions, consisting largely of the detailed working out of problems of gravitational 
Astronomy in accordance with Newton’s law, was such that the passage was 
easy from the concrete problems to the corresponding abstract mathematical 
ones. Later on, mathematical physicists were much occupied with problems 
which lent themselves readily to treatment by means of continuous analysis. In 
our own time the effect of recent developments of Physics has been to present 
problems of molecular and sub-molecular Mechanics to which continuous analysis 
is not at least directly applicable, and can only be made applicable by a process 
of averaging the effects of great swarms of discrete entities. The speculative 
and incornplete character of our conceptions of the structure of the objects of 
investigation has made the applications of Dynamics to their detailed elucidation 
tentative and partial. The generalised dynamical scheme developed by 
Lagrange and Hamilton, with its power of dealing with systems, the detailed 
structure of which is partially unknown, has however proved a powerful weapon 
of attack, and affords a strildng instance of the deep-rooted significance of 
mathematical form. The wonderful and perhaps unprecedentedly rapid dis- 
coveries in Physics which have been made in the last two decades have given 
rise to many questions which are as yet hardly sufficiently definite in form to be 
ripe for mathematical treatment; a necessary condition of which treatment con- 
sists in a certjiin kind of precision in the data of the problems to be solved. ^ 

The difficulty of obtaining an adequate notion of the general scope and aims 
of Mathematics, or even of special branches of it, is perhaps greater than in the 
case of any other science. Many persons, even such as have made a serious and 
prolonged study of the subject, feel the difficulty of seeing the wood for trees. 
The severe demands made upon students by the labour of acquiring a difficult 
technique largely accounts for this ; but teachers might do much to facilitate the 
attainment of a wider outlook by directing the attention of their students to the 
more general and less technical aspects of the various parts of the subject, and 
especially by the introduction into the courses of instruction of more of the 
historical element than has hitherto been usual. 

All attempts to characterise the domain of Mathematics by means of a formal 
definition which shall not only be complete, but which shall also rigidly mark 
off that domain from the adjacent provinces of Pormal Logic on the one side and 
of Physical Science on the other side, are almost certain to meet with but doubt- 
ful success ; such success as they may attain will probably be only transient, in 
view of the power which the science has always shown of constantly extending 
its borders in unforeseen directions. Such definitions, many of which have been 
advanced, are apt to err by excess or defect, and oHen contain distinct traces 
of the personal predilections of those who formulate them. There was a time 
when it would have been a tolerably sufficient description of Pure Mathematics 
to say that its subject matter consisted of magnitude and geometrical form. 
Such a description of it would be wholly inadequate at the present day. Some 
of the most important branches of modern Mathematics, such as the theory of 
groups, and Universal Algebra, are concerned, in their abstract forms, neither 
with magnitude nor with number, nor with geometrical form. That great 
modern development, Projective Geometry, has been so formulated as to be 
independent of all metric considerations. Indeed the tendency of mathema- 
ticians under the influence of the movement known as the Arithmetisation of 
Analysis, a movement which has become a dominant one in the last few decades, 
is to banish altogether the notion of measurable quantity as a conception neces- 
sary to Pure Mathematics; Number, in the extended meaning it has attained, 
taking its place. Measurement is regarded as one of the applications, but as no 
part of the basis, of mathematical analysis. Perhaps the least inadequate 
description of the general scope of modern Pure Mathematics — I will not call it 
a definition — would be to say that it deals with form,, in a very general sense of 
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the term; this would include algebraic form, geometrical orm, functional rela- 
tionship, the relations of order in any ordered set of entities such as numbers, 
and the analysis of the peculiarities of form of groups of operations, A strong 
tendency is manifested in many of the recent definitions to break down the ^ line 
of demarcation which was formerly supposed to sepanite IMathematics from 
formal logic; the rise and development of symbolic logic h;is no doubt em- 
phasised this tendency. Thus Alathematics has been described by the eminent 
American mathematician and logician B. Pierce as ‘ the Science which draws 
necessary conclusions,’ a pretty complete identification of Mathematics with 
logical procedure in general. A definition which appears to identify all Mathe- 
matics with the Mengenlehre, or Theory of Aggregates, has been given by E. 
Papperitz ; ‘ The subject-matter of Pure IMathematics consists of the relations 
that can be established between any objects of thought when we regard those 
objects as contained in an ordered manifold; the law of order of this manifold 
must be subject to our choice.’ The, form of definition which illustrates most 
strikingly the tendencies of the modern school of logistic is one given by Mr., 
Bertrand Eussell. I reproduce it here, in order to show how wide is the chasm 
between the modes of expression of adherents of this school and those of malhe- 
maticians under the influence of the ordinary traditions of the science. Mr. 
Eussell writes:^ ‘Pure Mathematics is the class of all propositions of the 
form implies g-,” where ^ and q are propositions containing one or more 
variables, the same in the two propositions, and neither f nor q (lonlains any 
constants except logical constants. And logical constants are all notions definable 
in terms of the following : Implication, the relation of a term to a class of which 
it is a member, the notion of swcA that, the notion of relation, and such further 
notions as may be involved in the general notion of propositions of the above 
form. In addition to these, Mathematics a notion which is not* a ('onstittient 
of the propositions which it considers— namely, the notion of truth.’ 

The belief is very general amongst instructed persona that the truths of 
Mathematics have absolute certainty, or at least that there apjandains to t}n*m the 
highest degree of certainty of which the human mind capable. It is thought 
that a valid mathematical theorem is necessarily of such a character aa to compel 
belief in any mind capable of following the steps of the demonstration. Any 
considerations tending to weaken this belief would Ik* discoiuH^rting and would 
cause some degree of astonishment. At the risk of thi.s, 1 must hero mention 
two facts which are of considerable importance as regards an estimatiiin of the 
precise character of mathematical knowledge, in the first place, if, is a fact 
that frequently, and at various times, differences of opinion have existed among 
mathematicians, giving rise to controversies as to the validity of whole lines of 
reasoning, and affecting the results of such reasoning; ii constdorablo amount 
of difference of opinion of this character exists among mathematicians at tho present 
time. In the second place, the accepted standard of rigour, that i.s. th<^ standard 
of what is deemed necessary to constituto a valid demon.strntiou, has undt*rgone 
change in the course of time. Much of the reasoning which wa.s formerly regarded 
as satisfactory and irrefutable is now regarded as insuflicient to oKtublish the 
results which it was employed to demonstrate. It. has <‘v<‘n bwn shown that 
results which were once supposed to have been fully established by demotwtratione 
are, in point of fact, affected with error. I propose here to explain in general 
terms how theee phenomena are possible. 

In every subject of study, if one probes deep enough, th<*re are found to be 
points in which that subject comes in contact with general philosophy, and where 
diflerences of philosophical view will have a greater or less influence on the 
attitude of ^ the mind towards the pTinciplc.s of the particular subject. This is 
not surprising when we rellect that there is but one universe of thought, that 
no department of knowledge can be absolutely Mated, and that metaiphysical 
and psychological implications are a neceeeary element in all the activitioB of 
the mind. A particular department, such as MathenuiticH, is compelled to set up 
a more or lees artificial frontier, which marks it ofi from general philosophy. This 
frontier consists of a set of regulative ideas in the form of indefinablee and 
anoms, partly ontological assumptions, and partly postulatioiw of a logical 

^ Principhs of Matlkermtics, p. 1, 
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character. To go behind these, to attempt to analyse their nature and origin, 
and to justify their validity, is to go outside the special department and to touch 
on the domains of the meta^ysician and the psychologist. Whether they are 
regarded as possessing apodictie certainty or as purely hypothetical in character, 
these ideas represent the data or premises of the science, and the whole of its 
edifice is dependent upon them. They serve as the foundation on which all is 
built, as well as the frontier on the side of philosophy and psychology. A set 
of data ideally perfect in respect of precision and permanence is unattainable — or 
at least has not yet been attained ; and the adjustment of frontiers is one' of 
the most frequent causes of strife. As a matter of fact, variations of opinion 
have at various times arisen within the ranks of the mathematicians as to the 
nature, scope, and proper formulation of the principles which form the founda- 
tions of the science, and the views of mathematicians in this regard have always 
necessarily been largely affected by the conscious or unconscious attitude of par- 
ticular minds towards questions of general philosophy. It is in this region, I 
think, that the source is to be found of those remarkable differences of opinion 
amongst mathematicians which have come into prominence at various times, and 
have given rise to much controversy as to fundamentals. Since the time of 
Newton and Leibnitz there has been almost unceasing discussion as to the proper 
foundations for the so-called infinitesimal calculus. More recently, questions 
relating to the foundations of geometry and rational mechanics have much 
occupied the attention of mathematicians. The very great change which has 
taken place during the last half century in the dominant view of the foundations 
of mathematical analysis — a change which has exercised a great influence extend- 
ing through the whole detailed treatment of that subject — although critical in its 
origin, has been constructive in its results. The Mengenlehre, or theory of 
aggregates, had its origin in the critical study of the foundations of analysis, but 
has already become a great constructive scheme, is indispensable as a method 
in the investigations of analysis, provides the language requisite for the statement 
in precise form of analytical theorems of a general character, and, moreover, has 
already found important applications in geometry. In connection with the 
Mengenlehre there has arisen a controversy amongst mathematicians which is at 
the present time far from having reached a decisive issue. The exact point at 
issue is one which may be described as a matter of mathematical ontology ; it turns 
upon the question of what constitutes a valid definition of a mathematical oFject. 
The school known as mathematical * idealists ’ admit, as valid objects of mathe- 
matical discussion, entities which the rival ‘ empiricist ’ school regard as non- 
existent for mathematical thought, because insufficiently defined. It is clear that 
the idealist may build whole superstructures on a foundation which the empiricist 
regards as made of sand, and this is what has actually happened in some of the 
recent developments of what has come to be known as Cantorisni. The difference 
of view of these rival schools, depending as it does on deep-seated differences of 
philosophical outlook, is thought by some to be essentially irreconcilable. This 
controversy was due to the fact that certain processes of reasoning, of very con- 
siderable plausibility, which had been employed by G. Cantor, the founder of the 
Mengenlehre, had led to results which contained flat contradictions. The efforts 
made to remove these contradictions, and to trace their source, led to the discus- 
sion, disclosing much difference of opinion, of the proper definitions and principles 
on which the subject should be based. 

The proposition 7-]-5=12, taken as typical of the propositions expressing the 
results of the elementary operations of arithmetic, ha's since the time of Kant 
given rise to very voluminous discussion amongst philosophers, in relation to the 
precise meaning 'and implication of the operation and the terms. It will, how- 
ever, be maintained, probably by the majority of mankind, that the theorem 
retains its' validity as stating a practically certain and useful fact, whatever 
view philosophers may choose to take of its precise nature— -as, for example, 
whether it represents, in the language of Kant, a synthetic or an analytic 
judgment. It may, I think, be admitted ^hat there is much cogency in this view ; 
and, were Mathematics concerned with the elementary operations of arithmetic 
alone, it could fairly be held that the mathematician, like the practical rnan of 
the world, might without much risk shut his eyes and ears to the discussions of 
the philosophers on such points. The exactitude of such a proposition, in a suffi- 
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dently definite sense for practical purposes, is empirically verifiable by sensuous 
intuition, whatever meaning the metaphysician may attach to it. But Mathematics 
cannot Be built up from the operations of elementary arithmetic without' the intro-, 
duction of further conceptual elements. Except in certain very simple cases no 
process of measurement, such as the determination of an area, or a volume, can be 
carried out with exactitude by a finite number of applications of the operations 
of arithmetic. The result to be obtained appears in the form of a limit, corre- 
sponding to an interminable sequence of aritbnetical operations. The notion of 
‘limit,’ in the definite form given to it by Cauchy and hi.s followers, together 
with the closely related theory of the arithmetic continuum, and the notions of 


continuity and functionalty, he at the very heart of modern analysis. Es.sentially 
bound up with this central doctrine of limits is the concept of a non-finit'e set of 


conception of the infinite, in some form, is thus indispensable in l\Iatheinatics ; and 
this conception requires precise characterisation by a scheme of exact (lefinitions 
prior to all the processes of deduction required in obtaining the detailed results of 
analysis. The formulation of this precise scheme gives an opening to difTercnces 
of philosophical opinion which has led to a variety of views as to the proper 
character of those definitions which involve the concept of the infinite. Here is 
the point of divergence of opinion among mathematicians to which I, have alludt'd 
above. Under what conditions is a non-finite aggre^gate of entities ,a properly 
defined object of mathematical thought, of such a character that no contradictions 
will arise in the theories based upon it? That, is the queslicm to wiiich varying 
answers have been offered by different mathematical thinkers. No one answer 
of a completely general character has as yet met with uTiivf*rsal acceptance. 
Thysioal intuition offers no answer to such a question ; it is one whidi abstiau^t 
thought alone can settle. It cannot be altogether avoided, be<‘atisc. without the 
notion of the infinite, at least in connection with the <‘eutral com-eption of the 
‘limit,’ mathematical analysis as a coherent body of thought falls to the ground. 

Both in geometry and in analysis our standard of what constitutes a ng<»wnis 
demonstration has in the course of the nineteenth (‘cntury undcrgoiu* an {diuoat 
revolutionary change. That oldest text-book of sthmcc iri the world, ‘ Euclid’s 
Elements of Geometry,’ has been popularly held for ccnlurit‘.s U) lie tin* wry model 
of deductive logical demonstration. Criticism has, however, largely invalidated 
this view. _ It appears that, at a large number of paints, assumptions not included 
m the preliminary axioms and postulates arc made use of. Tlio fact that tlu'sci 
assumptions usually escape notice is duo to their nature and origin, Dcrivcil as 
they are from, our spatial intuition, their very solf-evidencc luis allowed them to 
be ignored, although their truth is not more obvious empirically than that of other 
assumptions derived from the same source which are im'huhai in the axioms and 
postulates explicitly stated as part of the foundation of Euclid’s treatment of the 
subject. The method of superimposition, employed by Euclid with obvious 
reluctance, but forming an essential part of his treatment of geometry, is, when 
regarded from his point of view, open to moat serious objecthms as regards its 
logical coherence. In analysis, as in geometry, the older metho<ls of treatment 
consisted of processes of deduction eked out by the more or less Hurreptitious 
introduction, at numerous points in tho subject, of assumptions only justifiable bv 
spatial intuition. The result of thi.s deviation from the purely lieductive method 
was more disastrous in the case of analysis than in geometry, iHunmse it led tt> mwh 
actual error in the theory. For example, it wa-s held until (>omparative1v recently 
that a continuous function neimsarily possesse.s a different ial coetficient, on the 
ground that a curve always has a tangent. This we now know to be quite 
erroneous, when any reasonable definition of continuity is employed. ‘The first 
step m the discovery of this error was made when it occurred to Ampere that the 
existence of the differential coefficient could only be asserted as a theorem reqwir. 

T® himself piiblished an attempt at such proof. The erroneous 
^aracter of the former belief on this matter was most strikingly exhibited when 
produced a function which is everywhere contimimm, but which 
^ functions ('an now be constructed 

It IS not too much to say that no one of the general theorems of 
analysis is true without the introduction of limitations and conditions which w>re 
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entirely unknown to the discoverers o£ those theorems. It has been the task of 
mathematicians under the lead of such men as Cauchy, Riemann, Weierstrass, 
and G. Cantor, to carry out the work of reconstruction of mathematical analysis, 
to render explicit all the limitations of the truth of the general theorems, and to 
lay down the conditions of validity of the ordinary analytical operations. 
Physicists and others often maintain that this modern extreme precision amounts 
to an unnecessary and pedantic purism, because in aU practical applications of 
Mathematics only such functions are of importance as exclude the remoter possi- 
bilities contemplated by theorists. Such objections leave the true mathematician 
unmoved ; to him it is an intolerable defect that, in an order of ideas in which 
absolute exactitude is the guiding ideal, statements should be made, and processes 
employed, both of which are subject to unexpressed qualifications, as conditions 
of their truth or validity. The pure mathematician has develope.d a specialised 
conscience, extremely sensitive as regards sins against logical precision. The 
physicist, with his conscience hardened in this respect by the rough-and-tumble 
work of investigating the physical world, is apt to regard the more tender organ 
of the mathematician with that feeling of impatience, not unmingled with con- 
tempt, which the man of the world manifests for what he considers to be over- 
scrupulosity and unpracticality. 

It is true that we cannot conceive how such a science as Mathematics could 
have come into existence apart from physical experience. But it is also true that 
physical precepts, as given directly in unanalysed experience, are wholly unfitted 
to form the basis of an exact science. Moreover, physical intuition fails alto- 
gethp to afford any trustworthy guidance in connection with the concept of the 
infinite, which, as we have seen, is in some form indispensable in the formation 
of a coherent system of mathematical analysis. The hasty and uncritical exten- 
sion to the region of the infinite, of results which are true and often obvious in 
the region of the finite, has been a fruitful source of error in the past, and remains 
as a pitfall for the unwary student in the present. The notions derived from 
physical intuition must be transformed into a scheme of exact definitions and 
axioms before they are available for the mathematician, the necessary precision 
being contributed by the mind itself. A very remarkable fact in connection with 
this process of refinement of the rough data of experience is that it contains an 
element of arbitrariness, so that the result of the process is not necessarily 
unique. The most striking example of this want of uniqueness in the conceptual 
scheme so obtained is the case of geometry, in which it has been shown to be 
possible to set up various sets of axioms, each set self-consistent, but inconsistent 
with any other of the sets, and yet such that each set of axioms, at least under 
suitable limitations, leads to results consistent with our perception of actual 
space-relations. Allusion is here made, in particular, to the well-known geometries 
of Lobatchewsky and of Riemann, which differ from the geometry of Euclid in 
respect of the axiom of parallels, in place of which axioms inconsistent with that 
of Euclid and with one another are substituted. It is a matter of demonstration 
that any inconsistency which might be supposed to exist in the scheme known as 
hyperbolic geometry, or in that known as elliptic geometry,^ would necessarily 
entail the existence of a corresponding inconsistency in Euclid’s set of axioms. 
The three geometries therefore, from the logical point of view, are completely on 
a par with one another. An interesting mathematical result is that all efforts to 
prove Euclid’s axiom of parallels, i.e., to deduce it from his other axioms, are 
doomed to necessary failure; this is of importance in view of the many efforts 
that have been made to obtain the proof referred to. When the question is raised 
which of these geometries is the true one, the kind of answer that will be given 
depends a good deal on the view taken of the relation of conceptual schemes in 
general to actual experience. It is maintained by M. Poincar4, for example, that 
the question which is the true scheme has no meaning ; that it is, in fact, entirely 
a matter of convention and convenience which of these geometries is actually 
employed in connection with spatial measurements. To decide between them by 
a crucial test is impossible, because our space perceptions are not sufficiently exact 
in the mathematical sense to enable us to decide between the various axioms of 
parallels. Whatever views are taken as to the difficult questions that arise 
in this connection, the contemplation and study of schemes of geometry wider 
than that of Euclid, and some of them including Euclid’s geometry as a special 
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case, is of great interest not only from the purely mathematical point of view, but 
also in relation to the general theory of knowledge, in that, owing to the results of 
this study, some change is necessitated in the views which have been held by 
philosophers as to what is known as Kant’s space-problem. 

The school of thought which has most emphasised the purely logical aspect of 
Mathematics is that which is represented in this country by air. Bertrand Eussell 
and Dr. Whitehead, and which has distinguished adherents both in Euroi>e and 
in America. The ideal of this school is a presentation of the wholt? of Mathe- 
matics as a deductive scheme in which are empIoy.ed a certain limited number of 
indefinables and unprovable axioms, by means of a procedure in which all possi- 
bility of the illicit intrusion of extraneoms elements into the deduction is 
excluded by the employment of a symbolism in which each symbol exmx?.ssGs a 
certain logical relation. This school receives its inspiration from a peculiar form 
of philosophic realism which, in its revolt from idealism, produces in the ad- 
herents of the school a strong tendency to ignore altogether the psychological 
implications in the movements of mathematical thought. This is carried so far 
that in their writings no explicit recognition is made of any psychological factors 
in the selection of the indefinables and in the formulation of the axioms upon 
which the whole structure of Mathematics is to bo ba.scd. The Jictually worked- 
out part of their scheme has as yet reached only the mere fringe of modern 
Mathematics as a great detailed body of doctrine; imi to any objection to the 
method on the ground of the prolixity of the treatment which would be necessary 
to carry it out far enough to enable it to embrace the variotis branches t)f Afathe- 
matics in all the wealth of their present development, it would probably be replied 
that the main point of interest is to establish in priiiuiplo tlie possibility only of 
subsuming Pure Mathematics under a scheme of logi.stic. It is quite impossible 
for me here to attempt to discuss, even in outline, the tenets of this stihool, or 
even to deal with the interesting question of the possibility of sotting ttp a final 
system of indefinables and axioms which shall suffice for all present and future 
developments of Mathematics. 

I am very far from wishing to minimise the high philosophic interest of the 
attempt made by the Peano-Eussell school to exhibit i\lathematit‘s as a scheme of 
deductive logic. I have myself emphasised above the necessity and importance of 
fitting the results of mathematical research in their final form into a framework 
of deduction, for the purpose of ensuring the complete pr«'cision and the verifica- 
tion of the various mathematical theories. At the same time it must be recog- 
nised that the purely deductive method is wholly inadequate as an instrument of 
research. Whatever view may be held as regards the place of psyiihological 
implications in a completed body of mathematical doedrine, in reHt‘ar(*h the 
psychological factor is of paramount importance. The slightest acquaintance with 
the history of Mathematics establishes the f?mt that discoverie.s havi^ seldom, or 
never, been made by purely deductive processes. The results are thrown into a 
purely deductive form after, and often long after, their discovery. In mahy cases 
the purely deductive form, in the full sense, is quite modern. Th<* possession 
of a body of indefinables, axioms, or postulates, and symbols denoting logical 
relation, would, taken by itself, be wholly insufficient fw the development of a 
mathematical theory. With these alone the mathematician would 1 k‘ unable to 
move a step. In face of an unlimited number of possible combinations n principle 
of selection of such as are of interest, a purposive element, and a perceptive 
faculty are essential for the development of anything new. In the Jirtu'ess of 
discovery the chains in a sequence of logical deduction do not at first arise in their 
final order in the mind of the mathematical discoverer. He divines the results 
before they are established; he has an intuitive grasp of the general line of a 
demonstration lon^ before he has filled in the details, A developed theory, or 
even a demonstration of a single theorem, is no more identical with a mere com- 
plex of syllogisms than a melody is identical with the mere stim of the musical 
notes employed in its composition. In each case the whole is something more than 
merely the sum of its parts ; it has a unity of its own, and that unity must be, 
m some measure at least, discerned by its creator before the parts fall completely 
into their places. Logic is, so to speak, the grammar of Mathematics; but a 
knowledge of the rules of grammar and the letters of the alphabet would not be 
sufficient equipment to enable a man to write a book. There is much room for 
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individuality in the modes of mathematical discovery. Some great mathematicians 
have employed largely images derived from spatial intuition as a guide to their 
results ; others appear wholly to have discarded such aids, and were led by a fine 
feeling for algebraic and other species of mathematical form. A certain tentative 
process is common, in which, by the aid of results known or obtained in special 
cases, generalisations are perceived and afterwards established, which take up 
into themselves all the special cases so employed. Most mathematicians leave 
some traces, in the final presentation of their work, of the scaffolding they have 
employed^ in building their edifices : some much more than others. 

The difference between a mathematical theory in the making and as a finished 
product is, perhaps, most strikingly illustrated by the case of geometry, as pre- 
sented in its most approved modern shape. It is not too much to say that 
geometry, reduced to a purely deductive form— as presented, for example, by 
Hilbert, or by some of the modern Italian school— has no necessa,ry connection 
with space. The words ‘point,’ ‘line,’ ‘plane’ are employed to denote any 
entities whatever which satisfy certain prescribed conditions of relationship. 
Various premises are postulated that would appear to be of a perfectly arbBrary 
nature, if we did not know how they had been suggested. In that division of 
the subject known as metric geometry, for example, axioms of congruency are 
assumed which, by their purely abstract character, avoid the very real difficulties 
that arise' in this regard in reducing perceptual space-relations of measurements to 
a purely conceptual form. Such schemes, triumphs of constructive thought at its 
highest and most abstract level as they ai'e, could never have been constructed 
apart from the space-perceptions that suggested them, although the concepts of 
spatial origin are transformed almost out of recognition. Bnt what I want to 
call attention to here is that, apart from the basis of this geometry, mathe- 
maticians would never have been able to find their way through the details of the 
deductions without having continual recourse to the guidance given them by 
spatial intuition. If one attempts to follow one of the demonstrations of a par- 
ticular theorem in the work of writers of this school, one would find it quite 
impossible to retain the steps of the process long enough to master the whole, 
wi'fchout the aid of the very spatial suggestions which have been abstracted. This 
is perhaps sufficiently warranted by the fact that writers of this school find it 
necessary to provide their readers with figures, in order to avoid complete 
bewilderment in following the demonstrations, although the processes, being 
purely logical deductions from premises of the nature I have described, deal only 
with entities which have no necessary similarity to anything indicated by the 
figures. 

A most interesting account has been written by one of the greatest mathe- 
maticians of our time, M. Henri Poincard, of the way in which he was led to some 
of his most important mathematical discoveries.^ He describes the process of 
discovery as consisting of three stages : the first of these consists of a long effort 
of concentrated attention upon the problem in hand in all its bearings ; during the 
second stage he is not consciously occupied with the subject at all, hut at some 
quite unexpected moment the central idea which enables him to surmount the 
difficulties, the nature of which he had made clear to himself during. the first 
stage, flashes suddenly into his consciousness. The third stage consists of the 
work of carrying out in detail and reducing to a connected form the results to 
which he is led by the light of his central idea ,- this stage, like the first, is one 
requiring conscious effort. This is, I think, clearly not a description of a purely 
deductive process ; it is assuredly more interesting to the psychologist than to the 
logician. We have here the account of a complex of men'tal processes in which it 
is certain that the reduction to a scheme of precise logical deduction is the latest 
stage. After all, a mathematician is a hninan being, not a logic-engine. Who 
that has studied the works of such men as Euler, Lagrange, Cauchy, Biemann, 
Sophus Lie, and Weierstrass, can doubt that a great mathematician is a great 
artist ? The faculties possessed by such men, varying greatly in kind and degree 
with the individual, are analogous to those requisite for constructive art. Not 
every great mathematician possesses in a specially high degree that critical faculty 
which finds its employment in the perfection of form, in conformity with the 


^ See the ‘ Bevue du Mois ’ for 1908. 
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ideal of logical completeness; but every great mathematician possesses the rarer 
faculty of constructive imagination. . • , . . 

The actual evolution of mathematical theories proceeds by a process ot induc- 
tion strictly analogous to the method of induction employed in building up the 
physical sciences; observation, comparison, classifi(;ation, trial, and generalisation 
are esseiltial in both cases. Not only are spo<*ial results, obtained independently 
of one another, frequently seen to be really included in some generalisation, but 
branches of the subject which have been developed quite independently of one 
another are sometimes found to have cunnectioiis which enable them, to be 
synthesised in one single body of docirine. The esseniial nature of matlumiatica! 
thout^ht manifests itself in the discernment of fundamental identity m the mathe- 
matical aspects of what are superficially very different- domains. A striking 
example of this .species of immanent identity of mathematical form was exhibited 
by the discovery of that distinguished mathematician, our tUmerul i^ecretary, 
Major Macmahon, that all possible Latin squares are capable* of (mumeration by 
the consideration of certain differential operators. Here we have a case in which 
an enumeration, which appears to be not amenable to dirm^t treatment, can 
actually be carried out in a simple manner wdien the underlying identity of the 
operation is recognised with that involved in certain operations duo to differential 
operators, the calculus of wdiich belongs su{>erficially to a wholly diiferent region 
of thought from that relating to Latin squares. The modern abstract theory of 
groups affords a very important illustration of this point; all sets of operations, 
whatever be their concrete character, which have the same group, are i'roiu the 
point of view of the abstract theory identical, and an analysi.s of the properties of 
the abstract group gives results wiiieh are applicable to all the actual .stds of 
operations, however diverse their character, \yhich are duiniiiated by^ the one 
group. The characteristic feature of any .special geometrical sdieme is known 
when the group of transformations which leave unaltered <'ertain relatioms of 
figures has been assigned. Two .schemes in which the space eleimmts may he quite, 
different have this fundamental identity, jirovided limy have the same group; 
every special theorem is then capable of interpretation as a pruptuiy of figures 
either in the one or in the other geometry. The matliematicsl physiiust is Familiar 
with the fact that a single mathematical theory is often capal>le of interpretation 
in relation to a variety of physical plienomena. In .somi^ instance.s a matiuunaticai 
formulation, as in some fashion representing observ«‘d facts, has stirvived the 
physical theory it wa,s originally devised to represent. In the (‘use of electro- 
magnetic and optical theory, there appears to be rea.son for trusting the equations, 
even when the proper physical inteipretation of some of th<‘ vettlors appearing in 
them is a matter of uncertainty and gives rise to much difference of opinion ; 
another instance of the fundamental nature of mathematicnl form. 

One of the most general mathematical conceptions is that of functional rela- 
tionship, or ‘functionality.’ Starting originally frtun simple cases sucli as a 
function represented by a power of a variable, this conception has, under the 
pressure of the needs of expanding mathematical theories, gradually attaimui the 
completeness of generality which it possesses at the pres(uit time. 'Phe opinion 
appears to be gaining ground that this very general conc-eption of functionality, 
born on mathematical ground, is destined to supersede the narrrnver notion of 
causation, traditional in connection with the natural sciences. As an ahsiract 
formulation of the idea of determination in its moat general aonse, the notion of 
functionality includes and transcends the more special notion of ('ausntion as a 
one-sided determination of future phenomena by means of present conditions ; it 
can be used to express the fact of the subsumption under a general law of past, 
present, and future alike, in a sequence of phenomena. From this point of vit‘w 
the remark of Huxley that Mathematics ‘ knows nothing of catisation ’ could only 
be taken to express the whole trath, if by the term ‘ tuiuaation ’ is unde rstood 
_ efficient causation. ’ The latter notion has, however, in recent times bwii to an 
regarded as just as irrelevant in the natural sciences as it is in 
iVLatnematics ; the idea of thorough-going determinancy, in actcordaiice wdth 
loiml law, being thought to be alone significant in either domain. 

ine observations I have made in the present address have, In the main, had 
reterence to Mathematics as a living and growing science related to and per- 
meating other great departments of knowledge. The small remaining Kfiace at 
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my disposal I propose to devote to a few words about some matters connected 
with the teaching of the more elementary parts of Mathematics. Of late years a 
new spirit has come over the mathematical teaching in many of our institutions, 
due in no small measure to the reforming zeal of our General Treasurer, Professor 
John Perry. The changes that have been made followed a recognition of the fact 
that the abstract mode of treatment of the subject that had been traditional was 
not only wholly unsuitable as a training for physicists and engineers, but was also 
to a large extent a failure in relation to general education, because it neglected to 
bring out clearly the bearing of the subject on the concrete side of things. With 
the general principle that a much less abstract mode of treatment than was 
formerly customary is desirable for a variety of reasons, I am in complete accord. 
It is a sound educational principle that instruction should begin with the concrete 
side, and should only gradually introduce the more general and abstract aspects 
of the subject ; an abstract treatment on a purely logical basis being reserved only 
for that highest and latest stage which will be reached only by a small minority 
of students. At the same time I think there are some serious dangers connected 
with the movement towards making the teaching of Mathematics more practical 
than formerly, and I do not think that, in making the recent changes in the modes 
of teaching, these dangers have always been successfully avoided. 

Geometry and mechanics are both subjects with two sides : on the one side, the 
observational, they are physical sciences ; on the other side, the abstract and deduc- 
tive, they are branches of Pure Mathematics. The older traditional treatment of 
these subjects has been of a mixed character, in which deduction and induction 
occurred side by side throughout, but far too much stress was laid upon the 
deductive side, especially in the earlier stages of instruction. It is the proportion 
of the two elements in the mixture that has been altered by the changed methods 
of instruction of the newer school of teachers. In the earliest teaching of the 
subjects they should, I believe, be treated wholly as observational studies. At a 
later stage a mixed treatment must be employed, observation and deduction going 
hand in hand, more stress being, however, laid on the observational side than 
was formerly customary. This mixed treatment leaves much opening for variety 
of method ; its character must depend to a large extent on the age and general 
mental development of the pupils; it should allow free scope for the individual 
methods of various teachers as suggested to those teachers by experience. 
Attempts to fix too rigidly any particular order of treatment of these sub j ects are 
much to be deprecated, and, unfortunately, such attempts are now being made. 
To have escaped from the thraldom of Euclid will avail little if the study of 
geometry in all the schools is to fall under the domination of some other rigidly 
prescribed scheme. 

There are at the present time some signs of reaction against the recent move- 
ment of reform in the teaching of geometry. It is found that the lack of a 
T-egular order in the sequence of propositions increases the difficulty of^ the 
examiner in appraising the performance of the candidates, and in standardising 
the results of examinations. That this is true may well be believed, and it was 
indeed foreseen by many of those who took part in bringing about the dethrone- 
ment of Euclid as a text-book. From the point of view of the examiner it is 
without doubt an enormous simplification if all the students have learned the sub- 
ject in the same order, and have studied the same text-book, ^ But, admitting 
this fact, ought decisive weight to be allowed to it ? I am decidedly of opinion 
that it ought not. I think the convenience of the examiner, and even precision 
in the results of examinations, ought unhesitatingly to be sacrificed when they 
are in conflict— as I believe they are in this case— with the vastly more important 
interests of education. Of the many evils which our examination system has 
inflicted upon us, the central one has consisted in forcing our school and univer- 
sity teaching into moulds determined not by the true interests of education, but 
liy the mechanical exigencies of the examination syllabus. The examiner has 
thus exercised a potent influence in discouraging initiative and individuality of 
method on the part of the teacher; he has robbed the teacher of that freedom 
which is essential for any high degree of efficiency. An objection of a different 
character to the newer modes of teaching geometry has been frequently made of 
late. It is said that the students are induced to accept and reproduce, as proofs 
of theorems, arguments which are not really proofs, and thus that the logical 
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training which should be imparted by a study of geometry is vitiated. If this 
objection really implies a demand for a purely deductive treatment of the subject, 
I think some of those who raise it hardly realise all that would be involved in 
the complete satisfaction of their requirement. I have already remarked that 
Euclid’s treatment of the subject is not rigorous as regards logic. Owing to the 
recent exploration of the foundations of geometry we possess at the present time 
tolerably satisfactory methods of purely deductive treatment of the subject; in 
reo’ard to mechanics, notwithstanding the valuable work of Mach, Herz, and 
others, this is not yet the case. But, in the schemes of purely deductive geometry, 
the systems of axioms and postulates are far from being of a very simple 
character ; their real nature, and the necessity for many of them, can only be 
appreciated at a much later stage in mathematical education than the one of 
which I am speaking. A purely logical treatment is the highest stage m the 
training of the mathematician, and is wholly unsuitable— and, indeed, quite im- 
possible— in those stages beyond which the great majority of stndcnt^s never pass. 
It can then, in the case of all students, except a few advanced ones ill the univer- 
sities, only be a question of degree how far the purely logical factor in_ the 
proofs of propositions shall be modified by the introduction of elements derived 
from observation or spatial intuition. If the freedom of teaching which I have 
advocated be allowed, it will be open to those teachers who fimi it advisable in 
&e interests of their students to emphasise the logical side of their teaching to do 
so; and it is certainly of value in all cases to draw the attention of students to 
those points in a proof where the intuitional element enters. ^ I draw, then,^ the 
conclusion that a mixed treatment of geometry, as of mechanics, must prevail in 
the future, as it has done in the past, but that the proportion of the observational 
or intuitional factor to the logical one must vary in accordance with the needs 
and intellectual attainments of the students, and that a large measure of freedom 
of judgment in this regard should be left to the teacher. 

The great and increasing importance of a knowledge of the differential and 
integral calculus for students of engineering and other branches of physical science 
has led to the publication during the last few years of a considerable number of 
text-books on this subject intended for the use of siu'h students. Some of these 
text-books are excellent, and'their authors, by a skilful insistence on the principles 
of the subject, have done their xrtmost to guard against the v<*ry real dangers 
which attend attempts to adapt such a subject to the practical needs of engineers 
and others. It is quite true tLat a great mass of detail whicli has gradually come 
to form part— often much too large a part— of the material of the student of 
Mathematics, may with great advantage be ignored by tho.s'e wlwse main study is 
to be engineering science or physics. Yet it cannot be too strongly insisted on that 
a firm grasp of the principles, as distinct from the mere proci'Hses of calculation, is 
essential if Mathematics is to be a tool really useful to the engineer and the 
physicist. There is a danger, which experience has shown to In* only too real, 
feat such students may learn to regard Mathematics as consisting feicroly of 
formula and of rules which provide the means of performing the mniHuncal (‘om- 
putations npssary for solving certain categories of problems which occur in the 
practical sciences. Apart from the deplorable effect, on the educational side, of 
degrading Mathematics to this level, the practical effect of reducing it tf) a number 
of rule-of-thumb ^processes can only be to make those who huirn it in ui miintelli- 
gent a manner incapable of applying mathematical methods to any practical 
problem in which the data differ even slightly from those in the nualel problem^ 
which they have studied. Only a firm grasp of the principk's wdll give the nect's- 
sary freedom in handling tho methods of Mathematics required for the various 
practical problems in the solution of which they are essential 
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It was with considerable dithdence that I accepted the position of President^ of 
this section. The long list of illustrious and eminent, chemists who have occiipied 
the chair in the past, scientists of the highest attainments, and usually professors 
of our educational institutions, is indicative of the very high standard to be 
followed. As, however, it was urged that a President with experience in the 
metallurgy of iron and steel was desired, I bowed to the decision of the Council, 
concluding that even as a mere layman I might, in this address, discuss one or 
more subjects to which prominent metallurgists have for the past thirty years 
directed their earnest attention, both in Europe and America. I refer to some 
of the underlying, phenomena connected with the effect of sulphur and silicon 
on the carbon condition of commercial cast iron. 

The effect of sulphur and silicon on cast iron has received the attention of 
Karsten, Percy, Weston, Howe, Keep, West, Dillner, Bachman, Summershach, 
Wiist, Johnson, Stoughton, Hailstone, Longmuir, Adamson, Turner and Schuler, 
Levy, and many others. They all agree in concluding that sulphur tends to make 
iron white by retaining the carbon in the combined state, and that silicon tends 
in the opposite direction. Professor Howe and Dr. Wiist have endeavoured to 
arrive at the exact quantitative effect of sulphur and silicon in preventing or 
facilitating the decomposition of the carbides, 

Howe recognised that the data available ate insufficient on which to make any 
final conclusion. 

Wiist found, by a series of trials, that in pigs containing 3*15 per cent, carbon 
and about 1 per cent, silicon, on an average 0*01 per cent, sulphur prevented 
the separation of 0'02 per cent, graphite, but that with 2 per cent, silicon its effect 
was much less. 

It is the general experience, that the effect of sulphur depends on the propor- 
tion, not only of silicon, but of the total carbon and manganese, and of the 
temperature at which the iron is cast, and the size and temperature of the mould 
into which the metal is run. Under some critical conditions 0‘1 per cent, 
sulphur may prevent the separation of 3 per cent, graphite. 

Howe’s discovery— that the tendency of silicon, in increasing the decomposition 
of the carbides, is rapid at first, especially as the silicon rises from zero to 0*75 

B 



TEANSAOTIONS OF SECTION B. 


per cent., and then slow and slower with each further increase-is very im- 
portant; so also is the generalisation of Messrs- hhaipy and Gienet that the 
Laration of graphite on annealing iron which is initially white, containing the 
whole of the Sirbon in the combined condition, begins at a temperatuie which 
is the lower the greater the percentage ot the associated silicon, and that the 
separation of p'aphite, once begun, continues at even lower temperatures than 

that at which it started. „ . /n i a u 3 xt. 

The evidence advanced by Phillips, Frost, Campredon, Schulte and others- 
that, on dissolving sulphurous irons in hydrochloric acid, all the sulphur is 
not f^iven off as HoS, and that a part either passes off as S{CH,) or remains 
behind with the solution as some organic product— was tentatively believed ns 
indicative that the sulphur is chemically associated %vith the carbon and the iron. 

Levy,^ who has done much good work in the endeavour to deterniiiie the rela- 
tions which exist between iron, carbon, and sulphur, in the alloys of these 
elements, states, as the result of his research, that there is no conclusive evidence 


of any chemical union. „ , , , , 

In his tabulated results showing the amount of sulphur evolved presumably 
as sJCHajj on dissolving iron, carbon and sulphur alloys, the maximum is 
0'06 per cent., but the average is very much less. 

Schulte, on the other hand, had found that from 1 per cent, to 12 per cent, of 
the total sulphur is evolved as an organic sulphur compound ; and Bischoff found 
an even greater quantity. 

The results are apparently conflicting, and it is evidently obvious that more 
research is required in this direction. 

It has been shown by Arnold and McWilliam, and confirmed by others, that 
carbide of iron does not decompose into graphite and iron during tjie annealing 
of steel until it segregates into relatively large musses. Taking this as a basis 
Mr. Levy has advanced an explanatory hypothe.sis as to how it is that .sulphide of 
iron prevents the decomposition of carbides in white irons. Ho hud found that 
during the solidification of irons free from silicon and manganese, but rich in 
sulphur, ‘the sulphide separates at a temperature in the neighbourhood of 
1130° 0., together with, and as a component of, the austenite>cemenlite. eutectic, 
forming a triple austenite-cementite-sulphide eutectic, the cement ite component 
of which is interstratified with a jointed pearlite {by decomposition of austenite) 
sulphide one.* He stated that ‘ The presence of iron sulphide in the <*utectic intro- 


duces intervening layers, which may partly ball up on annealing, hut even then 


leave sulphide films between the cementite cry.stals ; these act almost us emulsifiers, 


preventing the coalescence of the cementite portion, which is apparently a neces- 
sarji preliminary to its decomposition into free carbon and iron. These layers and 
films are so persistent, even on slow cooling, as to retain their positioit h(*twecn 
the cementite crystals, until the metal has cooled well below the ttunperature of 
decomposition, so that an iron which might otherwise bectome grey is retained, 
even on very protracted cooling, in the white form, by sulphur* as sulphide; 
0-25 per cent, sulphur being sufficient for this purpose under the moderately 
protracted cooling conditions of the research. It is not improbable that the 
mechanical force_ exerted by sulphide, on separation and cooling, may also 
prevent the physical conditions necessary for carbide der^omposition, which, as 
is well known, is accompanied by considerable expansion.’ 

It is to be noted that Mr. Levy’s argument is based on the effect of the 
sulphide films in the eutectic, preventing the segregation of the cementite into 
relatively large masses, which, as he expresses it, *is apparently a nece.s.sarv 
preliminary to its decomposition/ 

His conclusions were based on the examination of hypo-cutectie alloys contain- 
ing not more than 2*75 per cent, carbon and free from massive plates of cementite. 

Whilst admitting that his conclusions may be correct, as applied to the 
eutectic, some other explanation would bo necessary if decomposition did not 
occur when a considerable quantity of massive cementite initially wore to form 
in the alloy. \ 

That stable massive cementite can be so obtained in iron sulphide alloys 1 
shall presently show. 


‘ Journal of the Iron and Skel Institute, No. 2, DOS. 
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If it could be shown that sulphur in some form of combination with the iron 
and carbon does crystallise with the carbides, and that such mixture or solid 
solution is stable and not readily decomposed, it would be reasonable to conclude 
that the sulphur is responsible for the stability. 

It has been suggested that silicon in iron decomposes the carbides according 
to the following chemical reaction: 3Si~^Fe3C=®Fe2Si -2C. The only objec- 
tion to this explanation is that the silicon is not free in cast iron, as was_ proved 
by Turner, and, moreover, as will be shown presently, it is combined with iron 
in solid solution before the carbide is decomposed. 

Gontermann^ found that on adding pure silicon to molten iron, the iron and 
silicon combined with considerable rise in temperature, and I have noticed the 
same thing even when adding it to carburised iron. 

The same authority, who has made a most careful study of the ternary alloys 
of the iron-carbon-silicon series, has shown that the eutectic freezing-point rises 
with the silicon from 1130° when silicon is absent, to about 1150° when it 
reaches 10 per cent., and to 1175® when it is about 17 per cent., and that the 
carbon in the eutectic of the alloys containing between 0 per cent, and 10 per cent, 
silicon, falls as the silicon rises by about 0'3 per cent, for each unit of silicon. 

The same author proved that the pearlite reversion point in these alloys 
rises with the silicon on an average of about 30® C. for each unit of silicon in 
the alloys containing between 0° and 6 per cent, silicon. He concluded, but 
did not actually prove, that in the region of the curve of unvarying equilibrium 
two cementites crystallise; one a solid solution of the carbide and silicide of 
iron; and a second, a mixture of this with another ternary iron-silicon-carbon 
solid solution. 

If the composition of the alloy lies between the curve of saturated silico- 
austenite and the curve of non-varying equilibrium, saturated silico-austenite 
primarily forms; and following this a secondary crystallisation of a binary 
eutectic consisting of this saturated austenite and silico-cementite. 

In the year 1901 I described certain unique idiomorphic crystals which had 
been found in the hearth of a disused blast furnace at Blaina. The crystals 
were more or less oxidised on their exterior surfaces. 

The analysis was as follows : — 


Manganese 

Iron 

Carbon 

Silicon 


After deducting the 
Oxygen, &c. 

Per cent. 

. 54*56 

. 37*71 

3*91 
3*82 


100*00 


A micro-examination proved the crystals to be quite homogeneous mixtures, or 
solid solutions. It was difficult to assign to them any definite chemical consti- 
tution. They may be considered as silico-carbides of manganese and iron, and, 
as will be shown presently, bear a close relation to similar crystals which 
primarily form during the freezing of iron-carbon-silicon alloys. 

Having briefly referred to the work of a number of authorities, I now propose 
to describe my attempts to supplement our knowledge in this direction by a 
purely micro-chemical research. 

In order to understand the remarks which follow, it is necessary to briefly 
describe the changes which occur when pure iron-iron carbide alloys pass from 
the licjuid to the solid state as are indicated by the researches of Osmond, 
Rol)erts, Austin, Stansfield, and of Carpenter and Keeling. 

In the iron alloys containing less than the eutectic proportion of 4*3 per cent, 
carbon, described as hypo-eu^ctic alloys, austenite octahedral crystallites of 
the fir-tree type first fall out of solution, and these continue to grow till the 
litluid is so impoverished of iron and enriched in carbon that when the eutectic 


Anorganisclie Ohemie, Bd. 59, 1908. 
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proportion of 4*3 per cent, carbon is reached, the liquid solidifies and breaks 
up into carbide of iron and austenite. 

The hypereutectic alloys, containing more than the eutectic proportion of 
carbon, on cooling, first yield carbide of iron crystals, and these continue to 
grow till, by removal of the excess carbon, the eutectic proportions of iron and 
carbon are reached. The eutectic in its turn then freezes. 

For the purpose of my research it was necessary to select pig metals, grey 
and high in silicon and white with high sulphur. These were kindly supplied 
by Messrs. Wilson, Pease and Co. and Messrs. Cochrane and Co., Middles- 
brough. They were made from Cleveland ironstone and contained 


Combined carbon 
Graphite 

Silicon 

Sulphur 

Phosphorus 


Grey Glay;e<l Tnm 
No. i No. 


White 


Per cent. 

traces 

0-20 

1-80 

0'27 

1T)2 


Per cent, 
nil 
2'(>5 
0-72 
5‘21 
0-()3 


Per eeut. 
Trace 
3-SOO 

0.(570 

4*321 

(••{125 


It may be accepted that the sulphur in the white iron undoubtedly is the cause 
of the whiteness of the iron, whilst the excessively liigh silicon and low sulphur 
are equally responsible for the graphitic condition of the carbon in th<‘ grey irons. 

The micro-structure of the high silicon metal was characteristic of all 
phosphoretic, high-silicon, carbon alloys. Curved plates of graphite cut the 
mass in many directions, whilst the binary eutectic of phosphorus^ and iron 
remained in irregular patches, generally midway between the graphite plates. 
The ground mass occupying the space between the eutectic and gruphitt; plates 
consisted of silico- ferrite. 

The interesting feature aboxit the structure of the whitx' iron is that there 
<\'as no iron-iron- carbide eutectic. This had been replaced by the ternary 
eutectic of iron-phosphorus and carbon, which, according to Dr. Wiist, confains 


about 

Iron .... 

ihu* (‘cnt. 

. 91 


Phosphorus . 

7 


Carbon 

2 



100 


There was evidence that the primary crystals of austenite of the octohedrnl 
skeleton type had been the first to fall out of solution, that the second crystal to 
form consisted of short plates of carbide of iron (cenientite) j whilst the 'ternary 
eutectic of phosphorus, carbon, and iron was the last to freeze and occupied 
spaces between the cementite plates and the primary cry.stals. 

Dr. Carpenter and his assistant, Mr. Edwards, of Victoria University. 
Manchester, kindly obtained, for the purpose of this address, the cooling 
curves of these two typical metals. These were as follows 

Grey Iron. 

^ The long arrest at 1118° indicates a change of state, but is also coincidcntr 
with important chemical changes. The second long arrest at 94o° is due to 
fteezing of the iron phosphorus carbon eutectic. The arrest at indicates 
the fbrmation of pearlite, and corresponds closely with the arrest In a similar 
alloy OTamiiied by Gontermatin. The arrest at 690° is probably due to the fornia- 
tion of i^arlite in the eutectic of iron and pho.sphorus, and is of great intere.st. 
for it points to the conclusion that silicon is not a constituent of the axxstcnite of 
the ternary eutectic. 
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Diagram showing arrest in cooling ; grey iron No. 2 on left, 
white iron on right. 

yilflite Iron. 

The micro-structure and analysis help more fully to explain the arrests on 
cooling this alloy. 

The first arrest at 1149® C. is where the primary austenite crystallises wi^h 
the silicon, as will be shown presently. 

The second arrest is where the primary cementite plates freeze. 

The third arrest at 945® is the freezing point of the ternary eutectic, and 
is identical with that of the corresponding long arrest of the grey iron. 

The fourth arrest at 770® is coincident with the formation of pearlite. 

Bearing in mind that the manganese in the white iron was insufficient to 
combine with the whole of the sulphur present to form manganese sulphide, it is 
obvious that some other compound or compounds of sulphur existed. The 
microscope clearly revealed the presence of manganese sulphide and traces of free 
iron sulphide. 

The carbide plates were quite free from striations of sulphide, such as had 
been noticed by Mr. Levy in the eutectic of high sulphur irons. 

But for the sulphur present, the silicon would have been sufficient to effect a 
decomposition of the carbides, and the metal in absence of the sulphur would 
have given a grey instead of a white fracture. In, view of this conclusion 
it appeared to be probable that if manganese were to be melted with the metai, 
it would combine with the sulphur associated with iron, etc., and crystallise 
as MnS, previous to the solidification of the carbide, or independently, and that 
the metal would then become grey on cooling. 

In order to test this, a portion of the metal was melted in a clay pot with a 
little pure manganese, free from carbon — sufficient to give 1 per cent, of manga- 
nese, which was more than sufficient to combine with the whole of the sulphur. 
As soon as the mass was melted it was at once poured into a sand mould and 
allowed to set. When cold, it broke with a grey fracture corresponding to 
what is known as hard forge, and the combined carbon instead of being about 
3 per cent, was reduced to 0‘6 per cent., a result proving the correctness of the 
hypothesis. 

It is well known that when manganese or chromium and some other metals 
are present in large quantities in pig irons, these metals, as carbides, crystallise 
with the carbide of iron forming double carbides, and these are much more 
stable than the massive pure iron carbide. It appeared reasonable to believe 
that if sulphide of iron, or some iron-sulpho-carbon compound, were to crystallise 
with the carbides it would have a similar effect. 
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Bemembering that the conclusions on this question, as to whether sulphur does 
or does not crystallise with the carbides, are conflicting, it is^evident that the 
only possible way to find out whether sulphur does so crystallise is to separate 
the carbide from the iron and test it for sulphur. With this objoct, a consider- 
able quantity of the original Cleveland white metal was crushed to the very finest 
powder. It was then treated with a 10 per cent, solution of hydrochloric acid in 
water in large excess, and the action of the acid was ^allowed to continue until 
evolution of gas ceased. The insoluble matters, consisting mainly of carbides 
and phosphides, were filtered off, washed and dried, _ and were ground down 
in an agate mortar to a still finer powder, so as to liberate any mechanically 
entangled sulphides. The powder so dealt with was again treated with acid as 
before, after which the residue was filtered off, thoroughly washed with water, 
was transferred to a separate vessel, and was boiled with strong caustic-potash to 
dissolve any decomposition products. 

The residue was again filtered off, was washed and dried, and submitted to 
analysis. The residue when dried weighed about 45 per cent, of the original metal, 
and contained as follows 

r<^r cent. 

Iron 92-43 


Carbon 
Silicon 
Sulphur . 
Phosphorus 
Water, &c. 


(6*2 per cent, phosphide of iron) 


A second trial was made with the same metal ; but, in this case, rei)ounding and 
acid treatment were repeated three times, so as to eliminate the possibility of 
mechanical inclusion of sulphide or iron. The sulphur found in the remaining 
carbides was 0*1 per cent. 

As the manganese in this metal was not sufficient to form manganese sulphide 
with the sulphur, it seemed desirable to determine whether or not when the 
manganese is in sufficient quantity sulphur would crystallise with the carbide. 
For this purpose the white chilled part of a crushing roll was experimented upon. 
The centre part was open grey iron, and contained 3’1 per cent, of the i’urbon as 
graphite. 

The white chilled portion contained : — 

Per ccid. 

Combined carbon 3’7.') 


G-raphitic carbon 
Manganese . 
Silicon 
Sulphur 
Phosphorus . 


It was crushed to powder and treated exactly in the same way a« previously 
described for the separation of carbide. The residue contained by analysis : 


a result showing that only a minute quantity of sulphur was crystallised with the 
carbide. Whether a different result would follow if both sulphur and manganese 
were greatly increased has yet to be determined. 

_ Having proved that sulphur in some undetermined state of chcmi<‘al wmbina- 
tion does crystallise with carbide of iron, an attempt yras made U) determine the 
nmximum amount of that element the carbide will retain under the most favour* 
With this object in, view a considerable quantity of very pure 
white iron, containing only traces of silicon, sulphur, and phosphorus, and 3*5 per 
cent, of carbon, was melted in a plumbago crucible; and when in a molten con- 
dition sticks of roll sulphur were forced under the surface of the metal, and 
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afterwards the mixture was briskly shaken up with the sulphur which had 
liquefied on the surface. 

Precisely the same result was obtained as described by Karsten, who had made 
a similar experiment. A metal was produced having a white fracture and large 
cleavage faces. The micro-structure was similar to that of hypereutectic iron 
carbon alloys. Large plates of carbide cut the metal in many directions, whilst 
between the carbide plates was located the triple carbide-sulphide-pearlite eutectic, 
so accurately described by Mr. Donald Levy. 

The carbide plates themselves were peculiar in having circular prismatic in- 
clusions of sulphide of iron symmetrically arranged at right angles to the sides of 
the plates. In horizontal sections of these plates they appeared as circular 
dots, sometimes arranged in continuous lines, suggesting that the sulphide had 
been actually in solution with the carbide when the metal was liquid, that they 
fell out of solution together, the sulphide separating and segregating along the 
cleavages of the carbide. 

A portion of this sulphurous material was remelted and treated with a second 
quantity of sulphur. This time in addition to sulphide of iron a considerable 
quantity of the soot-like substance described by Karsten floated to the surface, 
and free graphite separated and stuck to the sides of the crucible. 

The analyses of these metals are as follows : — 


Carbon 

Sulphur 

Silicon 


After the first addition 
of Sulphur. 
Percent. 

. 4-37 
. about I'OO 
. 0’03 


After the second treatment 
with Sulphur. 

Per cent. 

4*39 

1-00 

0-05 


From which we may conclude that the maximum degree to which the carbon can 
be concentrated by this method is about 4*4 per cent. In these triaL the carbide 
certainly had sufficient opportunity to become saturated with sulphur in each case. 
Both of the metals were crushed to exceedingly fine powder, and were treated 
with acid 'to decompose the free sulphides. The residues were repounded and 
treated with acid a second time, and afterwards with strong potash solutio^i. 
After this treatment, analyses of the insoluble residues indicated, in one case 
0‘09 per cent, sulphur, and in the other 0*08 per cent. From this it would appear 
that carbides will not carry in solid solution more than about 0*1 per cent, of 
sulphur. 

The metal containing 4*37 per cent, carbon and 1 per cent, sulphur, even on 
prolonged annealing, did not become graphite, a proof that the massive carbides 
present were quite stable. 

The microscope reveals the fact that in almost all commercial white irons 
containing much' sulphur the greater part of the sulphur is combined with either 
manganese or iron, and that the sulphides mainly exist as independent inclusions. 
It appears reasonable to assume that the manganese sulphide is without influ- 
ence on the carbon condition, and that, although iron sulphide may have some 
influence, in the way suggested by Mr. Levy on the eutectic, it is the sulphur that 
crystallises with the carbid<e which is mainly responsible in preventing the 
separation of graphite by maJking the carbide more stable. 

If it is assumed that the stability of the carbide depends on the quantity of 
sulphur which crystallises with it, and not on the total amount present in the 
metal carrying the carbides, it is clear that a great field of research is now- 
open, the borders of which I have barely touched to co-relate their stability 
and sulphur contents. 

The microscope does not show in what constituent the silicon crystallises. 
It is known that in grey irons it is associated with the ferrite and pearlite, 
but grey iron is the final result of the decomposition of carbide of iron and 
possibly sillco-carbides, which primarily form during solidification, and although 
the silicon in the decomposed product may be entirely associated with the 
iron it is no proof that initially some of it may not have crystallised with the 
carbides. 

In the white Cleveland iron, previously referred to, it is probable that the 
several constituents are present in the following proportions : — 
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J’er cent. 

Silico-pearliie, the residue of the original austenite octa- 


hedral crystallites 42*50 

Iron carbide in plates . ^ 38*66 

Iron, phosphO'Carbide eutectic 23*10 

Manganese sulphide 0*38 

Iron sulphide 0-36 


lOO-CK.) 


When fractionally dissolving the powdered metal in acid, it was the iron 
and associated silicon of the pearlite which passed into solution, and the carbide 
and phosphide which remained insoluble, and as these contained only 0*12 per 
cent, silicon, or about 0*06 per cent, on 100 parts of the original metal, it is 
evident that the pearlite must have contained 1*89 - 0*06 =1-83 per cent, of the 
XOO yc X*83 

silicon, or on 100 parts of it per cent., and that aliout 97 per cent. 

of the total silicon had crystallised with the austenite. 

A little reflection will lead to the conclusion that if the c‘arbon in the Cleve- 
land white iron were to be gradually increased, the proportion of primary 
austenite crystallites would decrease, there would l)e less and less of them 
to carry the silicon, and this element would be concentrated in the diminishing 
solid austenite. It also follows, that if the carbon were to be so increased that 
no primary austenite would form, the silicon would have to crystallise in some 
other constituent. 


_ In the example, referred to above, of the chilled casting, the carbides (-on- 
tained only 0*028 per cent, silicon, or 0*016 per cent, on the original metal In this 
case, therefore, about 98 per cent, had crystallised with the primary austenite. 

The question as^ to what amount of silicon will crystallise with the austenite 
so^ as to saturate it is probably variable with other variables. To determine 
this by chemical analysis would involve an exceedingly tedious research. 

It is probable that as it increases, and as the austenite apjirruiches mm) and 
mure nearly to the saturation point, a gradually incmeasing proper! it)n of the 
silicon_ will crystallise with the carbides. 

It is well known that molten low silicon grey irons, in the absence ai any 
appreciable quantity of sulphur, ^ gives a white fracture when slightly ohilletl 
Irons with above 5 per cent, silicon, when similarly ti'cuted, are supposed not 
to behave in the same manner ; and this is quite true when any ordinary method 
of chilling is adopted. For instance, when the liquid silicious glazed metal 
No. 1 was run into water, the chilled iron contained graphite; but when a 
large drop was suddenly pressed into a sheet a.s thin as paper between cold 
plates of iron, the chilled metal was quite white and no graphitt^ c(mld be 
detected on dissolving it m nitric acid. The metal so (rhillcd was ditHmdt to 
dissolve m acid, and the silica produced, instead of forming a gelatinous bulky 
residue, remamed in a close dense condition— indeed the thin chilled sheet, 
alter all soluble matter had been removed, remained a rigid sheet of dense 
coherent silica whereas the same metal allowed to cool slowly from the linuid 
state m a sand mould yielded to acid gelatinous silica. 

afferent behaW to acid treatment of the ehilled m .-nntrasted with 
^ tlio slowly.cooled metal indicates that the condition of the sili.,iii in 
cSled different from its condition in the same metai slowly- 


of Newburn Steel Works, published mi ii.vi.nnt 

of a very interesting observation, in which he showed the difference in the 
^icon solubility in different parts of the same pig iron-a porliM of which 
was white and a portion grey. The iron referred to contained — 


Combined carbon 
Graphitic carbon 
Silicon 
Manganese 


White part, 
r<u* cent. 

0-45} 

0*65 

1*63 


(h’cy part. 
Per font. 

0*98) 

3*68; 

0-85 

3*60 


4*06 



[Plate I . 


British Association, SOth Report, Sheffield, 1910 .] 

No. 1. 

Cleveland White Iron. 



White = massive plates of Pe,C. 
Dark=pearlite, the decomyjosed austenite. 
White and half-tone = ternary Fe— C— P eutectic. 

No. 2. 

Cleveland Glazed Iron. 



Ground mass =silieo -ferrite. 

White comi)lex— iron— iron phosphide eutectic. 
Straight dark lin(S=gra])hite. 

Illustrating the Presidential Address to Section B. 





Same as No. 4. Section cut parallel tc 



Tlatk IV. 


No. 7. 

hi Iron-Carbon-Silicon Alloy, free from Phosphorus, niado nion- stable hy Sulphur. 



Broken-up structure in the centn* Uu' ('utiauie of two eiuuentites. silieo-earhide 
and 

l-lalf-loiie----tli(‘ earl>id(* etumuil itc. 

Dark ar(‘a~:(leeoinpost'd <'ulee(ie, 

Tjight portion at right lower eonuu-: crystallite <»f sinco-pearlit<\ 

No. R. 

Pure Iron-Iron Carbide Eut<*ctic. tin* eodiing of which was arrested i»ef(tre tlio 
coiuplctc decouipo.sition of the Carbides into .Vustenite ami (Iraphite. 



V’hitc— carbide of iron. 


Black linos=:graphite. 


.Half-tone pt'urlite. 
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He determined the solubility in dilute acid of the silicon in each portion, and 
found that the silicon soluble in hydrochloric acid was, in the grey part = about 
81 per cent, and in the white part=about 48 per cent. 

He found also that the silica left on treating the two varieties of metal in 
acid differed in character — ^that from the white portion was dense, whilst that 
from the grey metal was much more voluminous. The white metal contained 
the eutectic proportion of carbon, and therefore it could not contain any 
austenite crystallites ; indeed with the silicon 0'60 per cent, also present it must 
be regarded as a hypereutectic alloy, and on that account we are forced to con- 
clude that the silicon must have crystallised with the carbide. 

It has long been known that on dissolving grey ferro-silicon containing oven 
6 per cent, silicon the silica gelatinises, whereas when the silicon approaches 
10 per cent, much of the silica remains in a dense form. It is almost certain 
that during the solidification of the grey part of Mr. Hogg’s pig iron a rich 
silicon cementite must have primarily formed, for the high carbon would not 
allow the formation of any primary silico-austenite ; when this cementite decom- 
posed the silicide part of it would become diluted with the iron of the decom- 
posed carbide. It was, no doubt, this diluted .solid solution in the cold grey 
metal which yielded the gelatinous silica. 

That silicon does diffuse into iron, even at relatively low temperature, was 
proved by Lebeau. He found that free silicon and iron, when heated together 
in vacuo at 960° C., chemically combine, a fact I have fully confirmed, although 
it is impossible to get silicon to combine with iron on heating them together 
in a cementation furnace where oxidising gases have access to the:silieon. 

To determine whether silicide of iron would diffuse into and precipitate the 
graphite in white iron, a sample of crushed white iron free from impurities, 
containing 3’5 per cent, of carbon, was mixed with 10 per cent, by weight of a 
silicon alloy containing 20 per cent, of silicon (=Fe 3 Si) also in powder. The 
mixture after compression in a short piece of iron tube was heated for two hours 
at 1000° C., in an atmosphere of hydrogen gas, and was then removed and cooled 
in air. 

For comparison a portion of the crushed white iron was treated in the same 
way. 

The combined carbon in the metals before and after heating were as follows : — 


•Before. After. 

Per cent. Per cent 

In white metal alone . . 3‘5 3 ’44 

„ „ and silicide . 3'20 0‘60 


Not only does this trial prove that silicide does diffuse into carbide of iron and 
precipitate graphite, it has also an important bearing on the question as to why 
silicon in pig-iron, even in small quantities, causes the carbide to be decomposed. 
In the experiments with the chilled part of a casting containing only 07 per cent, 
silicon and 375 per cent, carbon it was shown that the carbide contained only 
0’028 per cent, silicon, and that 98 per cent, of the total silicon was concentrated 
in the pearlite; yet this white iron .on .heating to 1000° C. became quite grey. Are 
we noC justified m concluding that it was the diffusion of silicide of iron from the 
silko-austeniU into the carbides which caused the sefaration of graphite? 

As I had proved, first that sulphur crystallises with and makes the carbide 
of iron more stable, and second that in the presence of a fusible mother liquor 
rich in phosphorus, after the austenite crystallisation is complete, the carbide 
crystallises out in plates and not as iron carbide eutectic, it appeared 
probable that if, as Gontermann premised, two kinds of cementite actually form 
during the solidification of iron-carbide-silicon alloys, it might be possible to obtain 
them in a separate state by melting the rich silicon alloys with a little sulphur. 

In order to test this a portion of the No. 1 grey glazed metal was melted, 
and when fluid a little sulphide of iron was mixed with it. The mixture was then 
cast in sand. Owing to the rapidity of the melting some of the graphite escaped 
and floated on the surface of the metal. 

When cold it was found that the lower part of the small casting gave a white 
fractured surface, whilst the upper part was close grey. 
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The analyses were as follows 


Combined Carbon 

White part. 
Per cent. 

. . . 2-06 

Grt'y part 
Per rent. 
1*46 

Graphite 

. Trace 

0’(i(t 

Manganese 

. . . 0-03 

0*03 

Silicon 

. . . 5-41 

^ 5-40 

Sulphur 

. . . 0'S8 

(KU 

Phosphorus 

. i-5U 

1-50 


The grey part, although slowly attacked by cold acid, did dissolve, yielding 
much voluminous silica. The white part was almost inert and only dissolved in 
strong hydrochloric acid with difficulty, and when the iron was dissolved out the 
remaining silica was of tEe dense variety, from which it would appear that the 
effect of the sulphide is akin to that of sudden quenching. 

It was the micro-structure of the white portion, however, which was of unique 
interest. On ‘ heat- tinting ’ two kinds of hard crystals appeared, one more readily 
coloured by heating than the other. The more resistant crystals were idiomorphic, 
and were_ furnished with their terminal angles, but as they were embedded in the 
surrounding metal it was impossible to form any exact idea of the crystalline 
system to which they belonged. 

The second order of crystals had evidently solidified at a later period, as their 
forms were interfered with by those of the idiomorphic type; they were much like 
ordinary plates of carbide of iron. The ground mass contained indications of 
octahedral on fir-tree crystallites and a well-developed phosphorus iron eutectic of 
the honeycomb type. THs eutectic was the last to freeze, as it filled the spaces 
betwem the plates of the hard crystals. There was no pearlite excepting in the 
eutectic of phosphorus and iron. We can only tentatively conclude that of the 
two cementites the idiomorphic crystals contained the greater part of the silicon 
because of their greater resistance to oxidation and probably consisted of carbo- 
sihcide of iron, with sufficient sulphur in them to make them stable ; also that 
the second crystals were carbide of iron, possibly containing a lesser quantity or 
no silicid© in solid solution. 

A further series of experiments was made on a portion of the same metal. In 
^ 1 ^Ee molten iron was mixed and agitated with free sulphur instead of 
plphide of iron, and the metal was at once poured into a sand mould in a thin 
layer. When cold it was quite white in fracture and had large brilliant cleavage 
races. 

It had the following composition 


Combined Carbon 

Manganese .* * * ' Trace 

: . ; (1115 



Phosphorus 2*08 


The sulphur had evidently effected concentration of the silicon phosphorus and 
carbon by removing some of the iron, as sulphide of iron was actually formed and 
floated on the surface of the iron. It was fractionally dissolved as described in 
previous cases, and the residue (72 per cent, of the weight of the original metal) 
was tested and found to contain o » / 


Carbon 

Manganese 

Silicon 

Sulphur 

Phosphorus 


Pel* vent, 
2-92 
Trace 
6*70 
0*C)G2 
1*410 


This insoluble fraction evidently consisted of both classes of crystals, together 
On the long and continued action of strong hydrochloric acid a residue was 
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obtained containing a little less carbon and more silicon than were present in the 
mixture, an indication tha't the less soluble portion is different from that more 
soluble. 

The micro-structm’e was similar to that of the metals of the previous trial, 
but as the carbon and silicon were higher the carbo-silicide was in greater 
quantity. It crystallised in long flat plates and not in relatively short idiomorphic 
crystals. 

It is probable exception may be taken, with some justifi.cation, that the 
sulphur does not simply arrest the decomposition of the cementites, which I have 
premised primarily 'form, but may act in some other unknown way. An attempt 
was therefore made to find out whether they could be obtained by some other 
method without the aid of sulphur. __ As it is known that the ternary eutectic 
of iron, phosphorus, and carbon melts at about 945° C., it appeared probable 
that if silicon in small quantity were to be melted with an iron-carbon-phosphorus 
alloy very rich in phosphorus the two kinds of cementites would fall out of 
solution at a lower temperature, and would probably not decompose into graphite 
and silico-austenite in cooling down after their formation. To ascertain whether 
or not this would be the case, a fusible iron-phosphorus-earbon alloy containing 
more than the eutectic proportion of carbon was made. It had the following 
composition : — 


Iron 

Per cent. 

. 91*89 

Phosphorus 

. 5*37 

Carbon 

. 2*62 

Silicon, &c. 

. 0*10 

Sulphur 

. 0*02 


100*00 


Dour hundred grams were melted with sufficient silicon alloy to yield in the 
mixture : — 


Carbon 

Phosphorus 

Silicon 

Sulphur 


Per cent. 
2-4 
5-0 
2-90 
0'02 


When melted a portion of it was cast in a sand mould, the remainder was 
allowed to cool in the crucible. 

When cold, that cooled in the crucible was quite grey, whilst the portion cooled 
in sand was white at the lower part and grey on the top part of the casting, 
results which proved that the alloy was very unstable and that decomposition of 
the lower part of the casting was arrested by the slight chilling effect of the 
cold sand. 

On microscopic examination of the white portion the ground mass was found 
to consist of the binary phosphorus iron eutectic, whilst two different cementites 
were embedded in it, one much more rapidly coloured on ‘ heat-tinting ’ than the 
other. The colours of the constituents of the properly heated and polished metal 
were as follows : — 


Cementite (a) . 

White 

» (&) . - . 

Eed 

Phosphide of iron . 

Purple 

Iron pearlite crystallites 

Grey 


The part which broke with a grey fracture consisted of octahedral crystallites 
of silico-pearlite, the binary phosphorus iron eutectic, and undecomposed (red) 
cementite crystals, but there was a complete absence of the (white) cementite 
crystals. Graphite was also present in exceedingly fine plates, resembling what 
is known as temper graphite. 

The evidence here is conclusive that even in the absence of sulphur : — 

1st. Two cementites had formed. 
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2Ed. That one cementite is much more unstable than the other variety, 
and decomposes in advance into silico-austenite jukI graphite. 

Having proved that two diiferent kinds of cementite do actually form and 
crystallise in the phosphorus eutectic it remained to ascertain in what way these 
crystallise in the absence of the phosphorus eutectic. 

For this purpose two hypo-eutectic alloys were prepared without any phos- 
phorus, but with sufficient sulphide of iron to check the decomposition of the 
.carbides. 

They contained 

Per cent. Ptu’ cent. 


Carbon 2-40 2*10 

Silicon m 7-10 

Sulphur .1*21 0*82 

Phosphorus . 0*(J2 P’d2 


These when cold after casting in sand broke with white fractures. 

The carbides separated in the manner previously described contained 

J 2 

I’cr cent. Percent. 


Carbon 8*1 i> 8*00 

Sulphur O'tIP 0*U8 

Silicon . i>*i)7 7 '92 

Percentage of carbides insoluble in acid 27*5 5t)*lHi 


The repealed acid treatment in this, as in all previous cases, no doubt dissolved 
;a portion of the carbides, and what was actually weighed represented only a part 
of those actually present in the alloys. 

In No. 2 alloy, after polishing and ‘heat-tinting/ the microscope proved the 
presence of a few fir-tree crystallites embedded in a ground mass of cementite and 
a eutectic containing the two kinds of cementite, the No. 1 .specimen containing a 
much smaller proportion of the cementite rich in silicon than Xo. 2. 

As the metals had been somewhat rapidly cooled the alloy No. 2 was rcmolled, 
■and was then allowed to cool in the crucible, .so as to obtain a more lourscly 
crystallised eutectic. When cold, on polishing and ‘heat-tinting,’ the eutectic 
was clearly seen. There were the remains of large prijiiaiy silico-au.stenite 
crystallites, plates of the red-coloured cementite, and a well-developed euteetit; 
consisting of the (red) coloured and (white) cementite.s. 

The cooling having been slow, this compound (;on.stitu«‘nt luid .sufferctl partial 
decomposition in isolated patches into grajhiite and «ili(;o-ferrit(*, whilst the 
cementite coloured red remained intact. 

There can be little doubt that the residue left insoluble in acid consist t‘d (d the 
two cementites, but in what proportion it is impossible to tell, as a method for 
isolating them has yet to be found. 

Had the alloy contained a greater proportion of carbon the amount of cementite 
rich in silicon would have been in much greater proportion. 

The trials, incomplete and necessarily imperfect as they are, go far to prov(\ 
just as Gontermann premised, that during the solidification of high silicon pig- 
irons two cementites fall out of solution together as a eutectic nuxlure. 

They also have proved that the carbo-.silicides are exceedingly unstalfie, 
breaking up into silico-austenite almost as soon as formed. It is the hiefahHity 
of these silko-carhiiUs which is mainly respotisilde fur the yraphitic chamcier 
of grey irons rich in silicon and low in mlphur. 

Summary and Conclusiom. 

1. The experimental results advanced show proof that carbide of iron in 
•presence of iron sulphide crystallises with a minute (|uaTitit.y of sulphur not 
exceedmg about one-thousandth’s part of the weight of the* carbide, but ihe 
nature of the iron-carbon-sulphur compound has not yot been ihUmnlmd. 

2. It .seems almost, if not absolutely, certain that it is the sulphur cry.stalliscd 
with the carbide which makes the latter stable. 
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3. The evidence appears to support the view, long held by some and more 
recently accepted by others, that during the freezing of iron-carbon-hypo-eutectic 
alloys after the crystallisation of the primary austenite, and in the eutectic 
and hypereutectic alloys, it is the carbide and not graphite which primarily 
forms and that the carbide afterwards decomposes into graphite and austenite. 

4. It has been proved by chemical methods that when the hypo-eutectic alloys, 
low in silicon, freeze, nearly all the silicon crystallises out with the primary 
austenite ; and it follows that on gradually increasing the carbon so as to reduce 
the quantity of primary austenite, the silicon remaining constant, the austenite’ 
which does form must be as gradually enriched in silicon up to saturation-point'; 
and, when that point is reached, the excess silicon crystallises out with a portion 
of the carbide of iron to form carbo-silicide of iron. Other elements remaining 
constant, the same result must follow on gradually increasing the silicon. 

5. In the alloys of eutectic proportion and in the hypereutectic alloys, as hO’ 
primary austenite can form, the silicon crystallises primarily with the carbide. 

6. In Cleveland pig-iron containing about T5 per cent, phosphorus, a ternary 
eutectic of iron-carbon-phbsphorus takes the place of the iron-iron-carbide eutectic. 
In white irons containing 3 per cent, carbon and under 2 per cent, silicon, aftei’’ 
the primary austenite has fallen out of solution carrying practically all the 
silicon, it is not iron-iron-carbide which forms, but independent plates of 
cementite, or carbide of iron, and after these have crystallised and the residual 
mother liquor has arrived at the composition of the ternary iron-carbon-phos- 
phorus eutectic, the latter solidifies at 945° C. 

7. In Cleveland irons which become grey on cooling, and in which there is no 
primary austenite, the same iron-carbon-phosphorus eutectic is the only eutectic 
to form during cooling, and, instead of a ternary iron-carbon-silicon eutectic, 
two independent cementites crystallise— one a silico-carbide, and the other 
carbide of iron possibly containing a little silicide in solid solution. The micro- 
examination of the cold alloys, to which a little sulphur had previously been 
added when the metals were melted, led to the conclusion that it is the carbo- 
silico-cementite which primarily crysiallises. 

8. There is evidence that the primary carbo-silicides are exceedingly unstable 
and are the first to decompose into graphite and silico-austenite. 

9. In the absence of any sensible quantity of phosphorus, two cementites form 
—one the silico-carbide cementite, the other the carbide cementite— and these- 
crystallise together as a eutectic mixture. 

10. The exact composition of the two cementites has not yet been determined, 
as no chemical method has been found for their isolation. 

11. It is evident that it is the exceedingly unstable character of the silico- 
carbides which is responsible for the greyness of commercial metals rich in 
silicon and low in sulphur. 

12. Silicide of iron when heated at 1000° C. with pure white iron free from 
silicon effects the decomposition of the carbide of the white iron. Based on this 
observation the hypothesis seems justifiable, in cases where all the silicon present 
in hypo-eutectic alloys crystallises out with the primary austenite, that after the 
carbide has solidified diffusion of the silicide follows, and this leads to the 
decomposition of the carbide of iron into graphite of iron. 

13. Many of the results arrived at by chemical analysis support the hypo- 
thetical conclusions of Gontermann, who depended mainly on data obtained by 
thermal methods of treatment. 

In conclusion, it will be clear from what I have stated that there are many 
gaps yet to be filled. I hope that the knowledge of this fact will lead others, 
to follow up the research, which, in its present stage, is far from complete. 
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1 BELIEVE it is customary for anyone who has the honour of presiding over a 
section of the British Association to provide in his presidential address either a 
review of the current progress of his subject or an account of some large piece 
of investigation by which he himself has illuminated it. I wish I had 
anything of the latter kind which I could consider worthy to occupy your atten- 
tion for the time at my disposal; and as to a review of the subject, I am not 
without hopes that the sectional meetings themselves will provide all that is 
necessary in the way of a general review of what is going forward in our depart- 
ment of science. I have, therefore, chosen instead to deal from an historic point 
of view with the opinions which have prevailed about one central fact, and I pro- 
pose to set before you this morning an account of the ebb and flow of ideas as to 
the causes of the fertility of the soil, a question which has naturally occupied the 
attention of everyone who has exercised his reason upon matters connected with 
agriculture. The fertility of the soil is perhaps a vague title, but by it I intend to 
signify the greater or less power which a piece of land possesses of producing 
crops under cultivation, or, again, the causes which make one piece of land yield 
large crops when another piece alongside only yields small ones, differences which 
are so real that a farmer will pay three or even four pounds an acre rent for some 
land, whereas he will regard other as dear at ten shillings an acre. 

If we go back to the seventeenth century, which we may take as the beginning 
of organised science, we shall find that men were concerned with two aspects of 
the question — how the plant itself gains its increase in size, and, secondly, what 
the soil does towards supplying the material constituting the plant. The first 
experiment we have recorded is that of Van Helmont, who placed 200 lb. of dried 
earth in a tub, and planted therein a willow tree weighing 5 lb. After five years 
the willow tree weighed 169 lb. 3 oz., whereas the soil when redried had lost but 

2 oz., though the surface had been carefully protected meantime with a cover of 
tin. Van Helmont concluded that he had demonstrated a transformation of water 
into the mateiial of the tree. Boyle repeated these experiments, growing 
pumpkins and cucumbers in weighed earth and obtaining similar results, except 
when his gardener lost the figures, an experience that has been repeated. Boyle 
also distilled his pumpkins, &c., and obtained therefrom various tars and oils, 
charcoal and ash, from which he concluded that a real transmutation had been 
effected, ‘that salt, spirit, earth, and even oil (though that be thought of all bodies 
the most opposite to water) may be produced out of water.' 

There were not, however, wanting among Boyle’s contemporaries men who 
pointed out that spring water used for the growing plants in these experiments 
contained abundance of dissolved material, but in the then state of chemistry the 
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discussion as to the origin of the carhonaceons material in the. plant could only be 
verbal. Boyle himself does not appear to have given any consideration to the 
part played by the soil in the nutrition of plants, but among his contemporaries 
experiment was not lacking. Some instinct seems to have led them to regard 
nitre as one of the sources of fertility, and we find that Sir Kenelm Bigby, at 
Gresham College in 1660, at a meeting of the Society for Proinoting Philo- 
sophical Knowledge by Experiment, in a lecture on the vegetation of plants, 
describes an experiment in which he watered young barley plants with a weak 
solution of nitre and found how their growth was promoted thereby ; and John 
Mayow, that brilliant Oxford man whose early death cost so much to the young 
science of chemistry, went even further, for, after discussing the growth of nitre 
in soils, he pointed out that it must be this salt which feeds the phiih', because 
none is to be extracted from soils in which plants arc growing. 8o general has 
this association of. nitre with the fertility of soils become that in 1675 
John Evelyn writes : ‘ I firmly believe that whore saltpetre can be 

obtained in plenty we should not need to find other cumpo.sls to ameliorate 
our ground’; and Henshaw, of University College, one of the first members 
of the Royal Society, also writes about saltpetre : ‘ I am convinced indeed that 
the salt which is found in vegetables and animals is but the nitre which is 
so universally diffused through all the elements (and must therefore make the 
chief ingredient in their nutriment, and by conscMiuence all their generation), 
a little altered from its first complexion.’ 

But these promising .beginnings of the theory of plant nutrition came, to no 
fruition; the Oxford movement in the seventeenth century was but the false 
dawn of science. At its close the human mind, which had looked out of doors 
for some relief from the fierce religious controversy with which it had been so 
long engrossed, turned indoors again and went to .sleep for another ctmiury, 
Mayow’s work was forgotten, and it was not until Prie.stly and Lavoisier, Be 
.Saussure, and others, about the begiuning of the ninidi'enth c'oniury, arrived at 
a sound idea of what the air is and docs that it became possible to build afre.sh 
a sound theory of the nutrition of the plant. At this time the atten- 
tion of those who thought about the soil was chiefly fixed upon the 
humus. It was obvious that any rich soils, such a.s old gardtuis and 
the valuable alluvial lands, contained large (piantilie.s of urganit* matter, 
and it became somewhat natural to associate the exc(d]<'nci‘ <jf these fat, 
unctuous soils with the organic matter they contained. It was recognised that 
tk=! main part of a plant consisted of carbon, so that the deduction seemed obvion.s 
that the soils rich in carbon yielded those fatty, oily substances which wt‘ now 
call humus to the plant, and that their richiie.ss depended ufion how much of 
such material they had at their disposal. But by about 18*1-0 it. hud been definitely 
settled what the plant is composed of and wheme. it derives its nutriment the 
carbon com,pounds which constitute nme-tenth.s of the dry w<dght from tlu' air, 
the nitrogen, and the ash from the soil. Little as iiad contributed to the 
discovery, Liebig’s brilliant expositions and the weight of his authority had 
driven this broad theory of plant nutrition home to men’s minds ; a sci<*nee of 
agricultural chemistry had been founded, and such questions as the function of 
tho soil vfith regard to the plant could be studi(ul with some prosju^ci of sm-cess. 
By this time also methods of analysis had been so far improved tlud- some 
quantitative idea could bo obtained as to what is present in sotil and plant', and, 
naturally enough, the first theory to be framed was that thi‘ soil’s ftn-iility was 
determined by its content of those materials which are taken from it by the* crop, 
As the supply of air from which the plant derives Us carbomuH'ous substance i.s 
unlimited, the extent of growth would seem to (hqxmd upon tin* supply available 
of the other constituents which have, to be provided by th(‘ soih .It wa.s 
Daubeny, Professor of Botany and Rural Economy at* Oxford, and the 
real founder of a science of agikmlture in this country" who first- pointed out tln^ 
enormous difference between the amount of plant food in tho soil and that, taken 
out by the crop. In a paper published in the ‘Philosophical ‘rmnsactions ’ in 
184-5, being the Bakorian Lecture for that year, Daubeny tfixscrilHui a long .series 
of experiments that he liacl (arried out in tlie Botanic Garden, wherein he culti- 
vated varioms plaiit.s, some grown contimioiisly on the same plot, and oiher.s in a 
rotation. Afterwards he compared the amount of plant final removed by the 
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crops with that remaining in the soil. Daubeiiy obtained the results 

with which we are now familiar, that any normal soil contains 

the material for from fifty to a hundred field crops. If, then, the 

growth of the plant depends upon the amount of this material it 

can get from the soil, why is that growth so limited, and why should it be 
increased by the supply of manure, which only adds a trifle to the vast stores of 
plant food already in the soil ? For example, a tuimip crop will only take away 
about 30 lb. per acre of phosphoric a.cid from a soil which may contain about 

3,000 lb. an acre; yet, unless to the soil about 50 lb. of phosphoric acid in 

the shape of manure is added, hardly any turnips at all will be grown. Daubeny 
then arrived at the idea of a distinction between the active and dormant plant 
food in the soil. The chief stock of these materials, he concluded, was combined 
in the soil in some form that kept it from the plant, and only a small proportion 
from time to time became soluble and available for food. He took a further 
step and attempted to determine the proportion of the plant food which can be 
regarded as active. He argued that since plants only take in materials in a 
dissolved form, and as the great natural solvent is water p^ercolating. through 
the soil more or less charged with carbon dioxide, therefore in water charged 
with carbon dioxide he would find a solvent which would extract out of a soil 
just that material which can be regarded as active and available for the plant. 
In this way he attacked his Botanic Garden soils and compared the materials 
so dissolved with the amount taken away by his crops. The results, however, 
were inconclusive and did not hold out much hope that the fertility of the soil 
can be measured by the amount of available plant food so determined. Daubeny’s 
paper was forgotten, but exactly the same line of argument was revived again 
about twenty years ago, and all over the world investigators began to try to 
measure the fertility of the soil by determining as ‘ available ^ plant food the 
phosphoric acid and potash that could be extracted by some weak acid. A large 
number of different acids were tried, and although a dilute solution of citric 
acid is at present the most generally accepted solvent I am still of opinion that 
we shall come back to the water charged with carbon dioxide as the only solvent 
of its Icind for which any justification can be found. Whatever solvent, how- 
ever, is employed to extract from the soil its available plant food, the results fail 
to determine the fertility of the soil, because we are measuring but one of the 
factors in plant production, and that often a comparatively minor one. In fact, 
some investigators — Whitney and his colleagues in the American Department of 
Agriculture — have gone so far as to suppose that the actual amount of plant food 
in. the soil is a matter of indifference. They argue that as a plant feeds upon the 
soil water, and as that soil water must be equally saturated with, so-y, phosphoric 
acid, whether the soil contains 1,000 or 3,000 lb. per acre of the comparatively 
insoluble calcium and iron salts of phosphoric acid which occur in the soil, the 
plant must be under equal conditions as regards phosphoric acid, whatever the 
soil in which it ma,y be grown. This argument is, however, a Tittle more suited 
to controversy than to real life ; it is too fiercely logical for the things them- 
selves and depends upon various assumptions holding rigorously, whereas we 
have more reason to believe that they arc only imperfect approximations to the 
truth. Still this view does merit our careful attention, because it insists that 
the chief factor in plant production must be the supply of water to the plant, 
and that soils differ from one another far more in their ability to maintain a good 
supply of water than in the amount of plant food they contain. Even in a 
climate like our own, which the textbooks describe as ‘humid’ and we are apt 
to call ‘‘'wet/ the magnitude of our crops is more often limited by want of water 
than by any other single factor. The same American investigators have more 
recently engrafted on to their theory another supposition, that the fertility of 
soil is often determined by excretions from the plants themselves, which thereby 
poison the land for a renewed growth of the same crop, though the toxin may be 
harmless to a different plant w'hich follows it in the rotation. This theory had 
also been examined by Daubeny, and the arguments he advanced against it in 
18i5 are valid to this day. Schreiner has indeed isolated a number of organic 
substances from soils — di-hydroxystearic acid and picoline-carboxylic acid were 
the first examples— which he claims to be the products of plant growth and 
toxic to the further growth of the same plants. The evidence of toxicity as 
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determined by water-cultures requires, however, the greatest carc^ m interpreta- 
tion, and it is very doubtful how far it can be applied to soils with their great 
power of precipitating or otherwise putting out of action soluble substances 
with which they may be supplied. Moreover, there are as yet no data to show 
whether these so-called toxic substances are not normal products of biictcrial 
actiou upon organic residues in the soil, and as such just as a,bundant ip fertile 
soils rich in organic matter as in the supposed sterile soils from which they 
were extracted. 

As then we have failed to base a theory of fertility on the plant food that we 
can trace in the soil by analysis let us come back to Mayow and Digby and 
consider again the nitre in the soil, how it is formed and how renewed. Their 
views of the value of nitrates to the plant were justified when the systematic 
study of plant-nutrition began, and demonstrated that plants vim only obtain 
their supply of the indispensable element nitrogen when it is }U’csentecl 
in the form of a nitrate, but it was not until wit Inn the last 
thirty years that we obtained an idea as to how the nitre ciime to 
be found. The oxidation of ammonia and other orgapic compounds 
of nitrogen to the state of nitrate was one of the first actions in the soil 
which v^ras proved to be brought about by bacteria, and by the work of f^chloesing 
and Miintz, Warington and Winogradsky we learnt that in all culiiynted soils 
two groups of bacteria exist which successively oxidise ammonia to nitrites and 
nitrates, in which latter state the nitrogen is available for the plant. Those same 
investigators showed that the rate at which nitrification takes plax'c is largely 
dependent upon operations under the control of the farmer : the more thorough 
the cultivation, the better the drainage and aeration, and the higher tip', tempera- 
ture of the soil the more rapidly will the nitrates be prodiu-cd. As it was flum 
considered that the plant could only assimilate nitrogen in the form of nitrates, 
and as nitrogen is the prime element necessary to nutrition, it was thiui an cjusy 
step to regard the fertility of the soil as dotormined by the rjilc. at which it would 
give rise to nitrates. Thus the bacteria of nitrilication becann^ regarded as a 
factor, and a very large factor, in fertility. This new vicAv of tlp^ importance of 
the living organisms contained in the soil further explaiued tlio valm', 
of the surface soil, and demolished the fallacy whi(*U l(»ads peoplo 
instinctively to regard the good soil as lying deep and retjuiring to 
he brought to the surface by the labour of the cultivator. T’his 
confusion between mining and agriculture probably originated in flu^ quasi* 
moral idea that the more work you do the better the result will bo; but it»s 
application to practice with the aid of a steam plough in the day.s bef(,)re bacteria 
were thought of ruined many of the clay soils of the Midlands for the next half- 
century. Not only is the subsoil deficient in humus, which i.s the accumulakd 
(Uhris of previous applications of manure and vegetation, but the humus is the 
home of the bacteria which have so much to do with fertility. 

The disco TCiy of nitrification was only the first step in tlu*, iducidaiion of many 
actions in the soil depending upon bacteria — for example, the fixation of nitrogen 
i taelf. A supply of combined nitrogen in some form or other is ab.Holutely indispeiw- 
ahle to plants and, in their turn, to animals; yet, though wo live iti contact with a 
vast reservoir of free nitrogen gas in the shape of the atmosphere, until <*ompara- 
tively recently we know of no natural process except Iho lightbing flash whicli 
would bring such nitrogen into combination. Plants take combined nitrogen fr<jui 
the soil, and either give it back again or i)assS it on to animals. The process, how- 
ever, is only a cyclic one, and neither plmit.s nor animals are able to bring in fresh 
material into the account. As the world must luive started with all its nitrogen 
in the form of gas it was dillicult to see how the initial .stock of combined 
nitrogen could have arisen; for that reason many of tlie earlier investigators 
laboured to demonstrate that plants themselves were capable of fixing and bring- 
ing into combination the free gas in the atmo.sphercj. In this demonstration they 
failed, though they brought to light a number of faids whh‘h wcire impossible to 
explain and only became cleared up when, in 1886, Hollreigol ami Wilfarth 
showed that certain bacteria, which exist upon the roots of Icguminona phmt.s, 
like clover and beans, are capable of drawing nitrogen from tho atmosphere. 
Thus they not only feed tho plant on which they live, but they actually enrich 
the soil for future crops by the nitrogen they leave behind in tho roots and 
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stubble of the leguminous crop. Long before this discovery experience had taught 
farmers the very special value of these leguminous crops ; the Eoman farmer was 
well aware of their enriching action, which is enshrined in the well-known words 
in the Georgies beginning, ‘ Aut ibi flava seres/ where Virgil says that the wheat 
grows best where before the bean, the slender vetch, or the bitter lupin had been 
most luxuriant. Since the discovery of the nitrogen-fixing organisms associated 
with leguminous plants other species have been found resident in the soil wEicli 
are capable of gathering combined nitrogen without the assistance of any host 
plant, provided only they are supplied with carbonaceous material as a source of 
energy whereby to effect the combination of the nitrogen. To one of these 
organisms we may with some confidence attribute the accumulation of the vast 
stores of combined nitrogen contained in the black virgin soils of places like 
Manitoba and the Russian steppes. At Eothamsted we have found 
that the plot on the permanent wheat field which never receives any 
manure has been losing nitrogen at a rate which almost exactly repre- 
sents the differences between the annual removal of the crop and the 
receipts of combined nitrogen in the rain. We can further postulate only a very 
small fixation of nitrogen to balance tho other comparatively small losses in the 
drainage water or in the weeds that are removed; but on a neighbouring plot 
which has been left v/aste for the last quarter of a century, so that the annual 
vegetation of grass and other herbage falls back to the soil, there has been an 
accumulation of nitrogen representing the annual fixation of nearly a hundred 
pounds per acre. The fixation has been possible by the azotohacter on this plot, 
because there alone does the soil receive a supply of carbohydrate, by the com- 
bustion in which the azotohacter obtained the energy necessary to bring the 
nitrogen into combination. On the unmanured plot the crop is so largely removed 
that the little root and stubble remaining does not provide material for much 
fixation. 

' Though numerous attempts have been made to correlate the fertility of the 
soil with the numbers of this or that bacterium existing therein, no general 
success has been attained, because probably we measui’e a factor which is only 
on occasion the determining factor in the production of the crop. Meantime our 
sense of the complexity of the actions going on in the soil has been sharpened by 
the discovery of another factor, affecting in the first place the bacterial flora in 
the soil and, as a consequence, its fertility. Ever since the existence of bacteria 
has been recognised attempts have been made to obtain soils in a sterile condition, 
and observations have been from time to time recorded to the effect that soil 
which has been heated to the temperature of boiling water, in order to destroy any 
bacteria it may contain, had thereby gained greatly in fertility, as though some 
large addition of fertiliser had been made to it. Though these observations have 
been repeated in various times and places they were generally ignored, because 
of the difficulty of forming any explanation : a fact is not a fact until it fits into 
a theory. Not only is sterilisation by heating thus effective, but other anti- 
septics, like chloroform and carbon bisulphide vapour, give rise to a similar result. 
For example, you will remember how the vineyards of Europe were devastated 
some thirty years ago by the attacks of phylloxera, and though in a general way 
the disease has been conquered by the introduction of a hardy American vine 
stock which resists the attack of the insect, in many of the finest vineyards the 
owners have feared to risk any possible change in the quality of the gi*ape through 
the introduction of the new stock, and have resorted instead to a sy stein of 
killing the parasite by in j ecting carbon bisulphide into the soil. An Alsatian vine- 
grower who had treated his vineyards by this method observed that an increase 
of crop followed the treatment even in cases where no attack of phylloxera was 
in question. Other observations of a similai' character were also 'reported, and 
within the last five years the subject has received some consider able attention until 
the facts became established beyond question. Approximately the crop becomes 
doubled if the soil has first been heated to a temperature of 70° to 100° for 
tv/o hours, while treatment for forty-eight hours with the vapour of toluene, 
chloroform, &c., followed by a complete volatilisation of the antiseptic, brings 
about an increase of 30 per cent, or so. Moreover, when the material so grown 
i^s analysed, the plants are found to have taken very much larger quantities .of 
nitrogen and other plant foods from the treated soil; hence the increase of 
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growth must be due to larger nutriment and not to mere stimulus. The ox}ilana> 
tion, however, remained in doubt until it has been recently cleared up by 
Drs. Russell and Hutchinson, wo.rking in the Rothanisted laborariovy. In the 
first place; they found that the soil which had been put Uirough the treatment 
was chemically characterised by an exceptional accumulation of ammonia-, to an 
extent that would account fur the iiicTcased fertility. At the same 
time it was found that the treatment did not effect complete sterilisation of the 
soil, though it caused at the outset a great redindion in the numbers of bacteria 
present. This reduction was only temporary, for iia soon as the soil was watered 
and left to itself the bacteria increased to a tlegree that is never attained 
under normal conditions. For example, one of the Rothamsted soils em- 
ployed contains normally about seven million bacteria per gram— a number which 
remains comparatively constant under ordinary condilion.s. Heating reduced the 
numbers to 400 per gram, but four days later they had risen to six niillion, after 
which flrey increased to over forty million per gram. When the soil wa»s treated 
with toluene a similar variation in the number of bacteria wa.s observed. O’he 
accumulation of ammonia in the treated soils was accounted for by this iucw'ase 
in the number of bacteria, because the two processes went oti at about the same 
rate. Some rearrangements were effected also in the nature of the biictm’ial ilora; 
for example, the group causing nitrification was eliminated, though no subslmiiial 
change was effected in the distribution of the other types. The bacteria whicli 
roniained were chiefly of the class which split up organic nitrogen compounds 
into ammonia, and as the nitrate-making organisms whicli normally transform 
ammonia in the soil as fast as it is produced had been killed off by the treatment, 
it was possible for the ammonia to aecumnlate. The question now remaining 
was, What had given this tremendous stimulus to the uiuItipHcution of the 
ammonia-making bacteria? and by various ste]is, which n(H‘d not. here he enunu)- 
rated, the two investigators reached the conclusion that the caiisi* was not to bo 
sought in any stimulus supplied by the heating proce.s.s, but that the normal soil 
contained some negative factor which limited the multiplication of the bacteria 
therein. Examination along these lines then showed that all .soils lumtuiu unsus- 
pected groups of large organisms of the protozoa class, which hnul ufam living 
bacteria. These are killed off by heating or treatment by a.n(is(‘ptics. and on their 
removal the bacteria, which partially escape the treatment and are now ndiitved 
from attack, increase to the enormous degree that we have specifiml. 
According to this theory the fertility of a soil containing a given store of nitrogen 
compounds is limited by the rate at which thes«‘ nitrogen compounds can he 
converted into ammonia, which, in its turn, depends iqum the munber <*f bacteria 
present effecting the change, and these numbers an; kiq)t, down iiy the larger 
organisms preying upon the bacteria. The larger organisms can be* removed by 
suitable treatment, whereupon a now level of ammonia-i>ri!duetion, and tiu'refor'e 
of fertility, is rapidly attained. Curiously enough one of tlu) ino.'^t striking of 
the larger organisms is an amoeba akin to the white (‘orpuscles of the blood - the 
phagocytes, which, according to xVIotchnikoff's theory, preserve us fi’om fever 
and inflammation by devouring such intrusive bacteria, its find cnfranct* in 
blood. The two cases are, however, roversnd : in the blood the baeteiia are 
deadly, and the amosba therefore Itenoficial, wherea.s in the soil tlu^ bneferia iiru 
indispensable and the amoeba become noxious Innists of ])rey. 

Since the publication of these view.s of the, functions of protozoa in tlu* soil 
confirmatory evidence has been derived from Viirions sources. For (‘xarnpte, 
men who grow cucumbers, tomatoes, and other pkinls umler gbuss are imcustometl 
to make up extremely rich soils for the. intensiv(‘ culture they pnictise, Imt, 
despite the enormous amount of manure they employ, they find 'it iinpos.Mib!e to 
use the same -soil for more than two yciirs. Then tliey m\ eompelkul to intro- 
duce soil newly taken from a field and enriched with fresh manure, t^everiil of 
these growers here have ob.served that a good baiting of this used .soil ri'sfores its 
value again; in fact, it becomes too rich and begins to supply Iho plant witlj an 
excessive amount of nitrogen. It has also been jxfinttut out that it was tiu* custom 
of certain of the Bombay tribes to burn vegetable rubbish mi.xed ns far as possible 
with the surface soil before sowing their crop, and the. value of this ]>ractice in 
European agriculture, though forgotten, is still on record in the books tm Roman 
agriculture. We can go back to the Georgies again, and there find an account of 
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a method of heating the soil before sowing, which has only received its explana- 
tion within the last year, but which in some form or other has got to find its way 
back again into the routine of agriculture. Indeed, I am informed that one 
of the early mysteries, many of which we know to be bound up with the practices 
of agriculture, culminated in a process of firing the soil, preparatory to sowing 
the crop. 

My time has run out, and I fear that the longer I go on the less you will feel 
that I am' presenting you with any solution of the problem with which we set 
out— What is the cause of the fertility of the soil?’ Evidently there is no 
simple solution; there is no single factor to which we can point as the cause; 
instead we have indicated a number of factors any one of which may at a given 
time become a limiting factor and determine the growth of the plant. All that 
science can do as yet is to ascertain the existence of these factors one by one 
and bring them successively under control; but, though we have been able to 
increase production in various directions, we are still far from being able to 
disentangle all the interacting forces whose resultant is represented by the crop. 

One other point, I trust, my sketch may have suggested to you : when science, 
a child of barely a century’s growth, comes to deal with a fundamental art like 
agriculture, which goes back to the dawn of the race, it should begin humbly 
by accepting and trying to interpret the long chain of tradition. It is unsafe for 
science to be dogmatic; the principles upon which it relies for its conclusions 
are often no more than first approximations to the truth, and the want of 
parallelism, which can be neglected in the laboratory, gives rise to wide diver- 
gencies when produced into the regions of practice. The method of science is, 
after all', only an extension of experience. What I have endeavoured to show in 
my discourse is the continuous thread which links the traditional practices of 
agriculture with the most modern developments of science. 
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The History oj the ‘ Canadian ShkW 

Gan there be any greater contrast than Pleistocene boulder clay resting on 
Arcliaian gneiss, the latest of rocks covering the earliest, with almost the whole 
known history of the world in the interval between? It is a fascinating occupa- 
tion for a geological dreamer to sit on some hillside in Scotland or Finland or 
Northern Canada, where the schists and gneisses rise in rounded ridges or bosses 
tlirough boulder clay, and ponder on all the strange happenings that separate the 
clay from the rock beneath. 

The clay melting from its enclosed boulders under the frosts and rain seems 
the very emblem of the fleeting things of yesterday; while the Archrean gneiss 
and greenstones are the type of the solid, imperishable framework of the earth, 
on which all the later rocks rest. 

The boulder c.lay recalls the white surface of a Continental ice-sheet with 
summer blizzards sweeping across it like those of the Antarctic tableland ; while 
the gneiss beneath tells of a molten magma cooling during millions of years 
beneath miles of overlying rock. 

It is the meeting-place of the geological extremes, and their contact marks 
the greatest of all discordances. 

One thing the clay and the gneiss have in common — both were long neglected 
by geology ; the Pleistocene beds because they were not rocks, but only ‘ drifts/ 
confused and troublesome things, hiding the real rocks, the orderly stratified for- 
malion.s; the ‘basal complex’ because its schists and gneisses were fossil-less, com- 
plex, and mysterious products of the dim beginnings of a world still ‘without 
form and void.’ The molten sphere, with its slowly consolidating crust, belonged 
rather to the astronomer than the geologist. 

Geology has, of course, long lost that attitude, and now finds some of its most 
seductive problems in these once neglected extremes of the earth’s history. Those 
who distrust the ‘ glacial nightmare ’ are now very few in number ; Imt there 
are still revered veterans, like Professor Rosenbusch, v/ho speak of the Archaean 
gneisses as parts of the earth’s Eninrrmig.^hrt(f^te, and who frame theories of the 
earth’s cooling and wrinkling in its hot and furious youth. 

Over more than half of Canada the field geologist is forced to occupy himself 
with both the Pleistocene and the Archaean, since the two are almost everywhere 
together, while the fossil-bearing beds of the vast intervening time ax“e absent.. 
The seemingly unnatural conjunction is not entirely without advantages; for the 
l^leistocene has furnished the (due to certain very puzzling problems of the 
Archtean, as will be shown later. 

C 
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The geologists of the world have long known the broad oiii lines of the 
Canadian Archrean or Pre-Cainbrian area through Siiess’s masterly portrayal of 
the ‘Canadian Shield,’ and through Dana’s account of the ‘V Formation,’ 'about 
which the North American Continent was built up. 

It must be remembered, however, that, though most of the terri(t)]'y has been 
roughly traversed by Bell, Tyrrell, Low, and other explorers, only 'a few dis< 
tricts in the south have had their geology worked out in iletail, beciuise of their 
valuable deposits of silver, nickel, and iron ores. It is only in these districts and 
comparatively recently that the succession of Pre-Cambrian formations luis been 
determined with certainty. In the, wide s])aces of the nortli only the most genend 
relationships are known. 

It is intended to bring together here, our knowledge of tlie most- ancient 
chapters in the history of North America as di.sclo.sod by n'cent field work. 

Fhysiografli ic Features. 

In its physiography the Canadian Shield .shows the feature;-; that might be 
expected from one of the oldest and most- stable land areas of the woi'Id. It was 
reduced in very early times to a peneplain, but later was i‘i<‘vated, permitting the 
rivers to begin a proi*ess of dissection. This proi'os.s had a, recent intturupiion 
by the Pleistocene Ice Age, which blocked many of tlu^ valiey.s with moraines and 
gave rise to the most extensive tangle of lakes in the world. Chysiographically as 
well as geologically, the region sliows a dramatic mingling of extreme youth 
with extreme old age. 

The best account of thi.s rojuvenaied peneplain has lauii given by Dr. A. W. G, 
Wilson,^ who shows that the gradients are very geidle, ami stiggests that two or 
more facets can be distinguished as having slightly dilferent inclination.s and as 
having been carved al different times. Here it will bi‘ unnecessary to take the 
mat, ter up except in a general w^ay. 

The peneplain has been une/j;in.ally elevated, ])ar(,.s standing 3,()0{) or ‘kOOO fent 
above the .sea, and other part-s sinking beneath its surface. Only at- two marginal 
points can the Archman surfaee be, said to rl.s(‘ iis mountains in the Ad'rondacks, 
projecting south-east into the Btate of New Y<trk ; aiui in llu> Nachvak peninsula, 
just east of XJngava Bay. 

To the south-west and south the shield sinks, almost iinpi'rce)ffib]y in many 
places, beneath the older Pakeozoic rocks, and the .same is tnu‘ around the 
central depression of Hudson Bay. Toward lla; .south ^*H.st the shi<'ld breaks off 
•suddenly along the great fault of the Lower St. Lawience, ami apparently tlu' 
precipitous north-ea.S’t shore of Labrador imlicat('s faulting on cv(>n a, larger s(‘a.le. 
It has been suggested that Greenland, the fliglilaiids of Heoila-nd, Scandinavia, 
and Finland may have besen parts of a single gn^at siiield, now .soparativl thnuigi 
the settling down of the sea-bottoms. 

In detail the region is full of variety of hill and valley, waterfall, rivau', and 
lake; but, on the whole, it i.s monotonous to the ordinary ti’avellcr from the (’ou 
.stant repetition of .similar forin.s, .since there are no la'iil mountain rang<*s and 
few outstanding ‘monadnock’ hills to break the sky lium Tlie swt'ep of fmri/.on 
from every hilltop .sei'ms horizontal, the snmmit.s ;ir(tund seldtun rising more 
than 200 or 300 feet above the valleys, and a.ll iH'aehing mairly the .same <‘k‘vation. 

The geologist finds, however, that this impression td' gtmcral Hat ness is 
deceptive. In reality the rock structures a, re usually mor<* tuairly vaulica! than 
horizontal, us in most Archa'un regioti.s. X.'h(‘ scliisiost' rocks, which foria so 
much of the surface, commonly show di})s of move tlniii tlO'k so that it is dearly 
a mountain region planed down to its foundutimis. 'I’hc arrangement of valiey.s, 
ridges, and hills generally follow.s more or le.ss closely the.se amdtmt roi-k ftsrt'ns. 


(HeoJogical Ftrueture. 

Until recently most of the geological work done in this mu’tiu'rn territory has 
been track surveys following Indian canoe routes. Here and there moraiii'es or 
oldlake deposits hide the rocks for a .space, but usually the geology is admirably 
displayed as one’s canoe threads the' intricate w!ite'rwa,ys of .sprawling iaktss 

^ ‘The Laurontian Peneplain’: Jmir, Oml, vol. xl No. 7, ])p. (ibldifH). 
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spilling over from one irregular basin into another. On entering a new district 
there seems a hopeless confusion of pinkish gneiss and grey-green schist, but 
presently orderly forms take shape upon the map as the numberless bays and 
islands are explored, and the ground plan of vanished mountain ranges begins 
to show itself. Dr. Andrew G. Lawson, in his brilliant study of the Lake-of-the- 
Woods and Rainy Lake regions in 1884 to 1888, Jfirst brought out distinctly the 
relationships; and later work has added greatly to our knowledge of these 
ancient structures. 

The typical arrangement is that of rounded or oval batholiths of gneiss, or 
of granite merging at the edges into gneiss, with schists dipping steeply away 
from them on all sides. Where the batholiths approach one another the green 
schists occupy narrow troughs between. As shown by Lawson, they are evidently 
the bottoms of synclines nipped in by the rising areas of granite and gneiss. 
Round these eruptive masses the schists have a strike parallel to the edge of 
the gneiss, so that they do not form ordinary synclines, but widen and narrow 
and sv/ing in curves to adjust themselves to the varying relations of the 
batholiths. The meshes of green schist are 'often not complete, the curving ends 
feathering out to a point. In such places erosion has eaten the surface down 
below the bottom of the syncline. 

• The batholiths in Western Ontario are of all sizes, from a mile to 60 miles 
or more in diameter, and they are commonly somewhat elongated from west to 
east or from south-west to north-east. They do not always follow one another 
in orderly succession, but may lie scattered irregularly, almost like bubbles on 
foamy water. Yet on the large scale one can recognise a general trend in the 
direction of the longest axes of the batholiths, and the average strike of the 
schist in the various regions lies between 50° and 80° east of north, conforming 
to the same direction. This general east-north-east trend of the basement struc- 
tures doubtless reveals the axial relations of the Archaian mountain ranges. 

It is sometimes stated that the so-called V formation of North America 
was made up of two ranges converging toward the south, the easterly arm of 
the V parallel to the Appalachian mountains and the westerly one to the Rocky 
Mountains. The structural arrangement just outlined does not confirm this 
view, but suggests irregularly parallel chains, cutting the direction of the 
Rockies about at right-angles and that of the Appalachians at an acute angle. 

Of what kind were the mountains erected on these bubble-like foundations of 
gneiss, set in meshes of schist? In many places they do not seem to have 
formed continuous ranges such as those of the Rockies, but rather groups of 
domes of various sizes. Some of them were comparatively low; others seem to 
have been lofty, though broad. Of the low ones the best known is that of the 
Grande Presqu’ Isle in the Lake-of-the-Woods, an oval of gneiss 18 by 32 miles 
in dimensions, Here the up-swelling could not have been great, since the schists 
dip away from the gneiss at low angles all .round, and patches of green schist, 
remnants of the roof, or perhaps of unusually large blocks stoped from above, 
are found here and there in the interior. 

On the other hand, the Rainy Lake batholith, 30 by 50 miles in dimensions, 
must have risen as a lofty dome, S'ince the surrounding schists dip away at high 
angles (60° to 90°). The arch of which they were the bases must have swung 
thousands of feet above the present surface of the batholith. Passing inwards 
from the Iveewatin one finds at first immense slabs of the schist shifted a little 
and enclosed in gneiss, then bands of green mateidal with softened edges, and 
finally darker cloudy streaks in the gneiss representing more perfectly digested 
bands. As Lawson has shown, the outer edge of the batholith is of greyish 
hornblende syenite gneiss or hornblende granite gneiss, while the interior is of 
ordinary mica granite gneiss. The outer part has absorbed a certain amount of 
basic Keewatin material. 

One cannot doubt that this zone of green schist fragments, followed by greyish 
hornblende rock, originally extended over the dome as well as round its edges. 
In the middle there is now a width of 10 or 12 miles of the ordinary Lauren- 
iian gneiss. This implies, of course, that the upper part of the dome, afterwards 
removed, was several miles in thickness, and that the mountain mass rose 
correspondingly above the synclinal valleys. It must not be assumed that the 
dome had a regular surface, nor that it was unbroken. Such a batholith as 
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that of Eiainy Lake was not irauie by a single^ siubkni u})- vvoliinu; ot granite, but 
by a long succession of slow inliuw.s froni Tarum.s quarters. Aleaiitiine the rocks 
above must have been strcichefi and fractured during the. long ag(\s of elevation, 
and must have been exposed to the nsiuil deslrnctive Ion cs. ^ which may even 
have kept pace with the elevation during its late stages when ditloi'ences of level 
became pronoiraced. 

The coarse-textured granitoid gneiss making up the batholith must have cooled 
at great depths and exceedingly slowly. 


The Ihtismj of the Domes. 

Home curious dynamical problems are invoK od in the raising ot llui (htined 
inomitains. Jt is conceivable that iluid lava could be fitrccd by Uic luusjuai 
pressure of shifting mountain blocks through a suiiabh‘ system of })ipe,s into 
cisterns, so as to form laccolilhic domes, but no such niecbanisni seems possible 
with batholiths. The granite of the batholilhs was ))lasti<’ ralluT than tluid, as 
shown by its having liceu dragg<M] into the gneissoid structure. The areas 
affected covered sonietiines square miles. We know of no system of dykes 
to serve as pipes or passages, of no sedid tioor beneath, of no faidted l»loeks to 
provide the pressure. It is generally assumed that the prida.xial granites and 
gneisses in great mountain ranges hnv<i risen beejinse of the r(di<d' from pressure 
beneath antiedines due to lateral thrust. It is tloubiful if tlu'se iri'egulaidy 
scattered ovals, sometimes 30 miles across, can be !id justed to any system of 
anticlines. 

Home years ago 1 ventured another explanation, (.{ranite is specifically 
lighter than most of the gToenstones and schists of th<‘ Keewiitin; and molten 
granite, even if nut iit a very high temperature, is lighter than the relatively 
cold rocks above it. If the rucks abt»vc were une<{ually tiiick, so that some areas 
were loss burdened than others, it is cdiiceivable that liu^se diflVrern'CS in gravity 
might cause the. granite to creep slowly up beneath the parts with tlm lightest 
loads, while the overlying rocks wagged into synelines in the heavily loaded 
parts. ^ 

'Whatever their cause, those oval batholiths enclosed by of schi.sf are 

the most constant feature of the ( '!ina,dia,n Arcluenii, though in many places 
erosion has (uit so deeply that the ino.sbcs have all but disa.pp<sircf], leaving only 
straight or curving bands of hornblende schist enclosed in th<* Lauremtian gneiss. 
Very similar baiholithic-. relations of the Laureutiau with the (trenvilb* smdes of 
Eastern Ontario are deseribcHl l)y !)rs. Adams and Ikirlmv. though the batholiths 
are generally much smaller, ilatholithic inountaius were typical of tiu^ Arclueun 
in North Ameritai, and, at least in some caso.s, also of Archu'un regions in other 
parts of the world. 


Suhdmsions of the Canadian Pre-CamhriafL 

Until recently the rocks of the (Canadian HhiebI w(‘re usually divided into 
three parte-— the Lauruntian, the Huroniau, and the A«inuki<* and Ke.wecnawuti 
■—the last two being only doubtfully included in tlie predJainlnmm. Tliew tliree 
divisions are still the only ones shown on the latest general map prepared by 
the Geological Hurvey. Lawson’s separation of the Keewutin as a low<*r group 
than the Huroniau was generally recognised as valid, but in practice the sub- 
division of the two in mapping wms ditlicult, ami was <mly carrhul out iu didailed 
surveys. His proof that the Laurentiau was eruptive and later tlmn the Kwwatin 
was accepted. 

As the classification adopted by the Anuu’i(‘an ge(ilc)gist.s in the Lake Hufjcrior 
region differed from that used in Canada, a Correlation Oommiltee was appointed 
five or six years ago to draft a compromise, which runs as follows ; * 


^ BuU, Geol Noc. Am., vol ix, pp. 223-238. 
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Keweenawan 

Unconformity 

/Upper (Animikie) 

I Unconformity 

Huronian ■( Middle ’ 

Unconformity 


^ Lower 
Unconformity 
Keewatin 

Eruptive Contact 
Laurentian 


This compromise system is now generally in use in Canada, though if Canadian 
relationships alone were considered the Animikie would be separated from the 
Huronian and placed closer to the Keweenawan, and the Laurentian would be 
treated as consisting of eruptive rocks frequently later in age than the Lower 
Huronian. 

The most natural classification for Canada would be as follows : — 
Keweenawan 

Unconformity 

Animikie 

Great Unconformity 
Huronian 

Great Unconformity 
Keewatin 

Laurentian = Post- Keev/atin or Post-Huronian granite and gneiss. 


The laccolithic domes described on previous pages were formed partly in the 
interval between the Keewatin and the Lower Huronian, but mostly later than 
the Lower Huronian. Over much of the shield, however, our knowledge of the 
relations is not sufficient to separate the mountain structures of the two ages. 

Let us now consider the history of the region during the successive periods 
suggested above. 


Conditions during the Keewatin, 

One naturally asks what the conditions were in Keewatin times before the 
earliest known laccolithic mountains were raised. The granitic texture of the 
eruptives implies very slow cooling under great pressure. The old interpretation 
of these rocks, following the usual conception of the nebular hypothesis, made 
them parts of the earth’s original crust, which cooled under the tremendous 
weight of an atmosphere including everything volatile at red heat, an atmosphere 
200 or more times heavier than at present. We know, however, that this cannot 
apply to the Laurentian gneisses of Canada, since they push up eruptively through 
great thicknesses of older rocks — the Keewatin in the north and west, and the 
Grenville series in the east, including large amounts of water- formed deposits. 
Though these older rocks are now found only on edge in synciines protected on 
each side by domes of gneiss, there can be no doubt that they once spread out 
wide and fiat on the surface of the earth. 

The eruptives of the Keewatin have received most attention, but sedimentary 
rocks occur in it at all levels and with thicknesses of hundreds or thousands of 
feet. They include Lawson’s Couchiching, with its great areas of mica schist 
and gneiss formed from what were originally muddy and sandy sediments. In 
other places quartzites and arkoses, slates and phyllites. represent less meta- 
morphosed clastic materials. The slate is often black with carbon. In the north- 
west there is little limestone or dolomite, but the Grenville and Hastings series 
of the east, which are probably in part of Keewatin age, contain thousands of 
feet of limestone. All the ordinary types of sedimentary rocks were being 
deposited on the Keewatin sea bottoms, and one type unlike modern sediments-- 
the banded silica and magnetite or hematite of the ‘iron formation.’ The rock 
last mentioned belongs to the top of the Keewatin, and is very widespread. Its 
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crumpled jaspers nave attracted much attention l)eean>e of their assorialion with 
iron ore, bnt in reality the ot.her varieties of sediineulary rucks me present in 
far greater amount both as to thickness and extent. 

In almost every part of the western region there are associated with the 
sediments great sheets of hasic lavas, agglomerates, and ash ruc-ks, as vrell as 
smaller amounts of ipiarlz purphyry, iStc., showing that tne Keewatin was one of 
the periods of great volcanic activity in the worlds history, it- is somewhat 
puzzling to find thc.se predondiiantly basic voli'aiiics in tiu' Kta-vvatin, while, all 
the underlying oruptives of (he Laurentian are decidetliy acid, chieily granite or 
syenite in composition. 

The extensive .sedimentary and eruptive rocks of this earliest' formation imply 
that the ordinary geological procosse.s were at work at the very beginning of 
known geological' time, before the Archa'an moimtain.s cvime Into c.xistimee. There 
must have been broad land areas where, rocks like granite oi’ giudss weathered to 
mud and sand, probably under a cool clinmto, for the gmmi.sh arkosc>s and slates 
charged with carbon suggest cold rather than lusit. 

In the north-west vohanoes wore a(*tive, but the <'asl wa.s comparatively free 
from eruptions. Both volcanic ash and ordinary clay and sand seem to have 
been spread out on the sea bottom in the Lake Superior region, and proliably sea- 
weeds throve in the mud. In the Orenville region the waters .stsun to have been 
clearer, and limestones wore ilepusiled on a very largt* scale, sometimes pure, but 
often muddy and mixed with a good deal of carbon, .so that fucoids probably 
flourished here also. 

If we reconstruct the conditions of tlie. Keewatin wc must then assume conti- 
nents which ha,ve entirely vanished, on which waaithcr. rain, aiul river.s worked, 
sweeping sediments down to the shallow or (Iee])er setis to be spread out on a 
bottom which has also disappeared. The .sediment.s and lava.s and tuffs may be 
said to rest on nothing, for tlic once, iluid or idasl.ii' Jiaimmiian gnebss, cradling 
their synclines and pushing up from liem'afh them, couhl not have luam the 
foundation on which they were laid dowm. Though the lionr on whiih they once 
rested has nowhere been found, one may be certain (hat its muteviais included 
silica, alumina, and alkalies in the right proportions U\ fn^v into a granitic 
magma, and this i.s praclieully all that is known of the pre-Kv'ewal in world in 
Canada. 


Rise and Fall oj the Early Laiirenflan Moantains. 

After the work of the volcanoes, of rain and fro.st and river.s, of winds and 
tides and currents, had piled up miles of roek in Keewatin time.s theiH‘ came a 
great upheaval of mountains over thousands of s(juart‘. miles of the <*arly Arehtcan 
surface. Possibly the earth was already shrinking through b.».ss f)f volcanic 
material and of the steam and gases that exhale in eruptions, T'htt Atlantic tloor 
may have been .settling down, thrusting inwards from the suntlMsi.sl, pu.siiiug up 
the weakened earth’s crust beneath the shield into mountain rtjws: or it may bo 
that some other cause must be sought for the somewhat huphnzarfl domes winch 
arose over such wide areas. 

It may be suggested that the many thousands of fetd of lava ajul .strutifual 
materials had .so blanketed the lower-lying rocks that the heat from Ixmeath crept 
up into them, softening and semi-fusing them, until in the shnv lap.se of time they 
began to how sluggishly, ascending to form the wide-biusml domes of the Luuren- 
tian mountains, The source of the internal heat need not be tllsi'iissisl here/ 
Uranium, with its various progeny, may have been ms activ<? then us now, or a 
more rapid axial rotation may have kneaded the discrete partiek's of a ma.ss of 
planetesimals, and so warmed them up to the lieat of fusion. 

Then followed the deliberate and almost complete destruction of the great 
mountain system during a long period of time which has left no kmnvn ( tunadian 
record. The .sediments derived from this destruction may have been pilml on the 
bed of the Atlantic as it sank. It is possible that Hederholm’s Ikdtnian in Fin- 
land may partially fill the gap. 

Whatever disposal was made of the d('bn>, several thousands tp’ Let. must 
have been carved from the mountains and swept out of view during fh«‘ immense 
interval which separates the Keewatin and early Laurentian from the Lower 
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Hurcnian, for the next series of rocks rests with a great discordance on the 
aptiiriied edges of the synclinally disposed Xeewatin schists and the truncated 
domes of Laurentian gneiss. 

The Huronian, 

The Lower Huronian hUvS very different relationships from the Keewatin. 
Where least disturbed, as north of Lake Huron and in the Cobalt region, the 
floor beneath it is often well preserved. Dr. Miller has shown that at Cobalt the 
surface of Keewatin and Laurentian was hilly or hummocky before the basal 
•conglomerate of the Lower Huronian was deposited; and Professor Brock, in 
describing the Larder Lake district to the north, refers to ‘ the clean-swept and 
often rounded surface of the older rocks on which it is frequently laid down.’^ 

The basal conglomerate of the Low'er Huronian contains pebbles and boulders 
of all the Keewatin and Laurentian rocks that went before, and among them 
are found beautifully striated stones. It is the oldest known boulder clay or 
tillite. The vast period of subaerial destruction that carved away the early 
Laurentian mountains ended in a glacial period, whose ice-sheets covered many 
thousands of square miles of North America, just as the last great period of 
peneplanation ended with the Pleistocene ice-sheets. 

It is not a little impressive to see modern till resting on the Huronian tillite 
•and including fragments of it as boulders. It is possible to break out from the 
inodern glaciated surface stones whose underside received their polish and strias 
in the Lower Huronian, while their upper surface has been smoothed and 
scratched by Pleistocene ice movements. 

At Cobalt the tillite is accompanied by slate, which may be compared in all 
•essential characters except hardness with the stratified day of adjoining lake 
deposits of Pleistocene Age. The most recent and unconsolidated beds make 
■clear the origin of some of the most ancient and, in appearance, most different 
rocks in the world. 

In the Lake Huron region the action of ice was probably followed by an 
invasion of the sea, for the tillite is succeeded by thousands of feet of quartzite, 
arkose, and conglomerate, and by a few hundred feet of limestone. Possibly much 
or all of the limestones of the (Irenville and Hastings series, which Dr. Adams 
reckons among the great limestone formations of the world, were formed at about 
tlie same time. 

The Middle Huronian (Logan’s Upper Huronian) is separated by a basal con- 
glomerate, possibly glacial, from the Lower Huronian; but the break does not 
seem very profound, and the rocks do not differ much from those just described. 

The least changed parts of the Huronian extend as a wide band for 200 or 
Bill) miles north-east of Lake Huron, and in this area the uneven surface of 
Laurentian and Keewatin beneath the Lower Huronian boulder clay preserves for 
iis a portion of the earliest dry land, the earliest peneplain known in America, and 
possibly in the world. This band has remained comparatively stable, while, so 
far as our information goes, all other parts of the Canadian Shield have undergone 
violent changes. 

Bise of the Late Laurentian Mountains. 

The Lower Huronian tillite has been found in many places throughout the 
Archman region, over a stretch of 1,000 miles from east to west, and 700 miles 
from north to south; so that in all probability deposits like the Pleistocene till 
■covered most of the surface. 

Everywhere, however, except in the band extending north-east from Lake 
Huron, it seems to have been involved in later mountain building, and has been 
•so sharply folded in with the Keewatin as to destroy the appearance of uncon- 
formity. It is instructive to note that so long and momentous an interval was 
entirely overlooked by geologists or treated as of small importance until a few 
years ago. There is usually no angular discordance to be observed, and the 
.secondary schistose structures of Keewatin and Huronian are similar and parallel. 
The Huronian boulder conglomerate has often been roiled out to a schist in which 
only the harder boulders can l)e recognised a.s lenses; and sometimes even they 
are lost entirely, so that no evidence of discordance remains. 

^ Bnr. Minrs, Qjitf 1005, p. Ill, 
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It is evident that the invasion ot the later Laurent ian i;‘raiutes jind gneisses 
was aceianpanied by very important rlynaniie ami meiamoi'phie effeets. Most of 
the batholithic domes of Nortii- western Ontario are post-Luvver Huruniain and 
date perhaps from the Middle Huroniaii or the. interval liolween it and the Upper 
Huronian (Anirnilde). 

The granites and gneisses of this seeond tiuK‘ of mountain building have not 
been distinguished in mapping from those of iho fir&t in most places; and as they 
are both of precisely the same habit it will probably never be {Possible to separate 
them completely. Thus far both have been included under the name Laureutian, 
which must be considered as represent iiig a lithological fatie.s rather than a. 
geological period. It may be, however, that the formation of halholitliic moun- 
tains never really ceased from the end of the Keewatin to the end of the Lower 
Huronian. As the rociks railed Laurenlian are entirely eruptive, they should not 
be limited to a definite time, but only to a definite set of condition's as to com- 
position, rate of cooling, and amount of pre.snire. 

As in the earlier cycle, the period of niountaiu-lmilding wa.s ftfiiowed by a 
period of destruction, ending in a peneplain of very wide e.vtenl. 

The Anmikiv or Upper Uurormn. 

The interval between the lower formations and tlic Aniniikie is of great 
magnitude, perhaps oven greater than that l.ietween the Keewatin and tin* Lower 
Huronian; and Lawson has suggested for it the name of the Kjmrchu'un Interval. 
The Aniniikie has not been found ro.sting on the Middle Huronian in (‘unada, so 
tJiat this formation may partly bridge the chasm. Unless the Middle Huronian 
quartaites include part of the prodiu'ts of ertisioii we have no evidence as xo the 
oisposal of the many thousands of cubic mile.s of materials removed from the later 
Laurent ian mountains. 

Tlie Animikie begins in most ]>hu'e.s with a thin basal conglomerate lying 
almost horizontally on the upturned edges of the pievious .sthists and gneisses. 
Above this come chert, black slate, and other sediments, sometimes to the extent 
of 8, ()(.)() or 10,000 foot. The slate, often eoutains carbon tmough to make an 
iinpui'taut coal region if collected in definite beds. 

The whole no doubt implie.s a traiLsgressing sea, which ultimaUdy must have 
covered a very large part of the Canadian tshield, since rocks of this age are 
found over wide surfaces north-west of Lake Superior, near Lake MistusKsinni, 
in the heart of Labrador, on the east side of Hudst)n Buy, and near (Jreat' Bear 
and Dubaimt lakes. These rocks are found in Labrador uj) to 1,575 feet above the 
sea. Thi,s level, if extended in all directions, would .submerge three- fourths of 
the Ai’chwan peneplain. 

At present these areas, though larg(', are widely separated ; and it may bo 
rash to assume that even soft, easily weathered rocks, like the Animikie slate, 
eould have been completely removed from the intervening Kpaces. It is probable, 
however, that less than half of the Arehmin then I'eiunined us dry laiuL 

The Keweemtimn, 

There is an interval marked by a smafi discordance and a basal (.‘onglomerate 
between the Animikie and the KeweenawAn, but the break in time was ap})ai'ently 
not great. The two groups of rocks often occur together, though in many place.s 
the Keweenawan sediments overlap on to the Arehman, as in the m;ighbnurhood of 
Lake Nipigon, Most of the Keweonawaii .sedimentary rocks are of shallow- water 
varieties, .such as sandstone and conglomerate. At various j)lace.s tin* north- 
east shore of Lake Superior a coarse basal t'onglomerate is found as remnants 
preserved in small valleys or ravines in the granite. The ancient surfacti is now 
in process of resurrection by erosion, and the boulders once rolled on a Keweena- 
wan shore are being freed from their matrix uml once more set in motion by the 
waves of Lake Superior. 

The Keweenawan, like the Keewatin, was a time of vigorous volcanic activity, 
and in most places the lava-sheets and lacculithic sills of diabase connected with 
their eruption far surpass the sediments in amount. The volcanic rocks are 
generally basic in character, and probably nio.st of the diabase dykes widely found 
in almost all parts of the Canadian Arehieun are of this age. The important 
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deposits of -copper, nickel, and silver in Northern Canada are closely bound up 
with the Keweenawan basic volcanic rocks or with deeper-seated diabases probably 
of the same origin. 

Here, as in the Keewatdn, we are confronted with floods of basic lava coming 
up from unknown sources through the acid Laurentian gneiss. Do these basic 
lavas represent heavier segregations settling to the bottom during the slow move- 
ments of the granitic magma as it climbed into the Archaean batholiths? On© 
might imagine these heavier and more liquid parts sinking beneath the lighter, 
more viscid, magmas of the domes, and remaining fluid until the mountain masses 
above had become completely solid. The supposed thrust from the Atlantic basin 
to the south-east might then bring strains to bear on the solid crust, more or less 
shattering and shifting its masses, squeezing up the still molten diabase through 
all the fractures and pores. 

Several remarkable basins were formed in the Archaean peneplain by the 
ascent of these lavas, permitting the massive roof which formerly , covered them 
to collapse by block faulting or by the formation of an irregular syncline. The 
basin of Superior seems to be of this nature. It is still rimmed by the Keweena- 
wan lavas, sometimes accumulated to the thickness of 50,000 feet. Just to the 
north is the smaller basin of Lake Nipigon, with its edges and islands of diabase 
sheets ; and to the east, near Sudbury, is the extraordinary synclinal basin, with 
which the great nickel mines are connected. These basins seem to have resulted 
from the collapse of the solid crust because of the removal of support when basic 
eruptives ascended from beneath. 

Pdlceozoic History. 

The exact relation of the Keweenawan to the Cambrian is somewhat in doubt, 
though most geologists make it pre-Cambrian. The St. Mary’s, or Lake Superior, 
sandstone, which rests upon the Keweenawan with a slight discordance and 
overlaps upon the Archman, is generally called Cambrian; it contains no fossils 
and occurs only along the shores of Lake Superior and St. Mary’s Kiver, so 
that its position in time is' uncertain. 

Potsdam sandstone, either Upper Cambrian or Lower Ordovician, rests upon 
the planed-down Archeean surface at the Thousand Islands and other points in 
Eastern Canada, often with a conglomerate at its base ; and undoubted Ordovician 
limestones feather out upon the Laurentian all the way from Saskatchewan and 
Manitoba on the north-west through Ontario to the city of Quebec on the east. 
These limestones represent an important transgression of the sea upon the 
Canadian Shield. Apparently the old hummocky surface was often pretty 
cleanly swept, so that limestone with very little fragmental material, rests 
immediately upon the gneiss, but in other cases there is arkose or a basal 
conglomerate of Laurentian materials. 

Occasionally Archaean hills rise island-like through the shaly limestone,^ which 
tilts away quaquaversally, as if the hill had protruded through the sediments. 
This appearance is probably due to the settling and shrinking of the mud in its 
consolidation to rock. Drill-holes east of Lake Ontario show that there were 
valleys hundreds of feet deep between these Archaean hills, so that in this region 
the peneplain was far from coraf)lete. These inequalities may be considered foot- 
hills of the Adirondack mountains farther east. 

There is reason to believe that before the close of the Ordovician the sea 
crossed from the region of Lake Winnipeg to Hudson Bay, flooding all the lower 
parts of the shield ; but probably most of Labrador and part of Eranklin, north- 
west of Hudson Bay, remained as dry land. 

The SiluriaTi follows on the Ordovician without a discordance, and at this time 
the sea probably submerged an even larger part of the shield, since the Silurian 
limestone of James’s Bay is only 250 miles from that south of the Great Lakes, 
and there are two outliers between — on Lakes Nipissing and Temiscaming. It 
may be added that the highland of Silurian limestone crossing Southern Ontario, 
with a bold escarpment facing north-east, rises hundreds of feet higher than the 
watershed towards Hudson Bay. The escarpment facing the Archman ‘ old land ’ 
corresponds to the Scandinavian * glint,’ and has a similar relation to the lakes of 
the Archaean border. 
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The Oevoiuan Sea also encroached south of James iky and alouj;' the south- 
west side of the shield from Clo.ar Lake, in Sasbilchcwun, to (inuit Lear Liike. 

What took place on the Avchiean continent while' tlu' coal _ forests tlourished 
on the lowlands to the south and to the far north is unknown, since no carbonifer- 
ous rock has been found on its surface. 

Mesozoic and Chmozoic IJislorii. 

Early Mesozoic times are a blank, but a few small ouf crops of Cretaceous 
rocks resting on the Arclnvan toward the south-west show that portions of its 
rim were once more under water. Dr. Wils<in believes that an ini}Hirtant facet 
of the peneplain should be dated from the Cretaceous, since planation was going 
on in parts of the United States at this time; but no positive evidence of this 
is at hand. 

Nor is there any evidence as to its history in the tertiary before the oncoming 
of the IcG Age of the Pleisloi'ene, when its whole, surface was scoured more than 
once by great glacial sheets. The mantle of decayt'd laick which must have 
accmnulatcd during the long dry land .stage was almost comph'tely swept- away, 
leaving the rounded surfact\s of ancient rock fiH'sh and clean btmealh the boulder 
clay. 

In an important inter-glacial interval and in post-glacial times imu'h of the 
morainic material was assorted in great lakes whose shore and di'ep water 
deposits cover large parts of the surface. With ih(‘ de})arlni’e of the ic<'. the sea 
once more transgressed upon the lower parts of tlu' shield, but tht' land has been 
rising since, leaving a belt of marine deposits up to about 5(H) feet around the 
shores of Hudson Bay, the ht. Lawrence, and the Atlantic. 

Hoiv much of the Shkld has been (h)vered i! 

It is generally stated that the (lanadian Sldeld has been ilry lantl sinct' llic 
Avchiean, and hence that erosion has lieen taking })hice eA*<'r since that time. 
This is probably true for part of the north -eiLstern hurt ion of tin* shield ami 
perhaps also the north-western, but much of the area., especially toward the south, 
was buried in early days under Paheozoic sedimentary rocks, and .so })r(itecied 
from further destruction, Tho.se sediments are .still being slowly stri}iped fnan 
the Archiean in many phaces. 

This may account for the greater proportion of Haroniati and Keewatin rocks 
in the south as compared with the north, it is probable that in tlu' unproti(*cted 
norilieim parts weathering agencies have eaten the higher Ardueau rocks com- 
pletely away from the Jjaiirentian gneiss beneath. Before a.s.s(U’ting this positively, 
however, it may be well to await more thorough exploration of thtt litth' kiuAvu 
north. 

It is i)ossible, but not very probable, that tlu> whole area was at oiu' time 
covered with Ordovician or Silurian shale and Hmestoju'. If so, all traces of 
this capping have been removed from hundreds of thuusnudH of stpiare miles of 
its surface. 

There is one very impre.SHive feature of the Archix'an us found beneath the 
later rocks. The peneplain, with its rounded, hummocky surfacx', .seems (exactly 
the same when one strips from it recent boulder clay, early Pala'ozoic .shale <u' 
sandstone or limestone, Keweenawan eruptives, or oven Lower Huroniun tillitt'. 
where this has remained undi.sturbcd. It is as though all the millions of years of 
destruction since the Middle Ikaht'ozoic had made only unimportant clulngi^.s in 
the pre-Cambrian peneplain. When it Is recalh'd that pcneplanation look place 
twice in the pre-Cambrian, Ind'oro the Lower Huronian utid lu'fore t-lui Animikie. 
one is almost driven to think that pro-Oambriun time is far longer than post- 
Cambrian. 


llelatimi of the. Shield to the. Palwozoic, 

Except toward the east, the Canadian kShiold sinks gently beneath Paheozoix' 
beds, in most cases retaining its character as a peneplain. How far doo.s it 
continue to the south and west beneath the sedimentary rocks, and to what depth 
does it extend? 
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The results of drilling at Toronto, 80 miles south of the contact, show gneiss 
and crystalline limestone at a depth of 1,200 feet below the surface, or 940 feet 
below sea-level. Near Lake Erie, 130 miles to the south of the contact, the 
Archsean is reached at a depth of 3,300 feet — ^2,700 feet below sea-level. Its slope 
to Toronto is at the rate of 20 feet per mile, and from Toronto to Lake Erie 
at the rate of 35 feet per mile. This corresponds fairly well with the dip of the 
overlying Palaeozoic rocks. 

As the peneplain rises more than 1,300 feet above sea-level at the watershed 
300 miles north of Lake Erie, there is a difference of 4,000 feet in a north and 
south direction; and if comparison is made with the Adirondack Mountains 
250 miles to the east the difference even amounts to 6,600 feet. It is probable, 
however, that the Adirondacks were a residual group of mountains never reduced 
to the general peneplain level. It is clear that the pre-Palseozoic peneplain has 
been greatly warped in later ages, perhaps as a result of the increasing load of 
sediments piled on its southern edge. 

One is apt to think of these ancient crystalline rocks as an exceedingly solid 
and resistant block of the earth’s crust, likely to undergo little deformation; 
so that this evidence of warping or doming of the surface comes as a surprise. 
In reality shiftings of level under changes of load are normal in every region, 
and have been going on along the southern border of the Canadian Shield all 
through Pleistocene times, and perhaps continue now. 

The proof of this is to be found in the differential elevation of the shore-lines 
of the great post-glacial lakes, which ascend with an increasing grade toward 
the north (N. 20°- E.). In the case of Lake Iroquois the difference in level 
between the two ends of the earliest shore is more than 500 feet, and the grade 
toward the north even rises to six or seven feet per mile. If we add 230 feet of 
deformation of the marine beaches, which followed Lake Iroquois toward, the 
north-east after the final melting of the ice, there is a known change of level 
amounting to 730 feet within late Pleistocene times. There is reason to believe 
that similar changes of level took place during the inter-glacial period recorded 
at Toronto and to the north. 

The Pleistocene sinkings and risings are naturally accounted for by the piling 
up and removal of the thousands' of feet of ice in the Glacial Periods, though 
probably isostatic equilibrium was not reached in these movements. 

We know that the ice was more than 4,000 feet thick, since it passed over the 
tops of the Adirondack mountains. This thickness of ice is equal in weight to 
about 1,600 feet of rock, while the greatest known elevation since the removal of 
the load is not much more than 700 feet, implying that a weight of 900 feet of 
rock can be supported by the shield. It may be, however, that in tlie interior 
of Labrador, where no beach-lines give evidence as to changes of level, the doming 
is much greater than the amount suggested. 

It is of interest to note that these adjustments to change of load take 
thousands of years to accomplish. The rise due to the melting of the Labrador 
ice-sheet may be going on slowly now, 30,000 or 40,000 years after the load was 
lifted. 

These sinkings and risings must be accomplished by plastic flow outwards from 
beneath the loaded area or inward toward the area relieved of its load. 

Instead of a rigid, unyielding shield, we must conceive a stiffly flexible covering 
over a plastic substratum, where during thousands of years adjustments of level, 
amounting to hundreds of feet, may take place; and during millions of years of 
removal of load by erosion, or of piling on of load through sedimentation, changes 
of level of thousands of feet can be accomplished. Such changes have taken 
place on the southern and western sides of the shield without any known rupture, 
while on the cast the adjustment has been accomplished in part by great faults. 

Has the Archiean, which is supposed to underlie the stratified roc‘k,s in all 
parts of the world, undergone the same vicissitudes? 

Summary, 

The hi.story of the Canadian Shield begins in pre-Keewatin times, with land 
surfaces on which weathering took place, and seas in which mud and sand were 
deposited. If the earth were ever molten, that sta^e had long been passed before 
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the Ke-e’Wtitin serliinetits were laid down, for they inehidc carbon probably derived 
from fncoids, which could not have lived in n hot soa.. 

The pre-Keewatiii land surfaces and sea, bottoms lia,vo totally disappeared, 
so far as Tmown to Canadian geology. Apparently they liave l)een fused and trans- 
formed into the gneisses of the Laurontian. 

The Eeewatin was a time of great voh'anic activity, lava streams and a„sh 
rocks surpassing in amount the. thick sheets of .so.dimetds. At the end of the 
Keewatin the thousands of feet of volcanic and clastii- rock.^ were lifted as domes 
by the up-welling of baiholilhs of early Laurent ian gnei.s.s. _ 

Then followed a profound gap in the record, during wluVh the mountains were 
levelled to a hummocky peneplain. I’his ga]> reju’efmnbs a ymy long period of 
weathering and destruction on a land surface, etnling in glacial action on a large 
scale. 

The Lower Huroniim begins with the deposit of a thick and wi<lesprcail 
boulder clay, followed up by a transgression of the sea in wliich mud and sand, 
and also limestone and cliert, were deposilerl. 

After a short break similar processes went on in tim liliddlo Huronian. Luring 
the Middle Huronian, or in the interval ))etw(‘en it aitd the Upper Hiironian 
(Animikie), mountain-building was renewed on a grand scale, many .synclltuis of 
keewatin and Lower Huronian rocks Ix’iiig caught belwetm the rising batlioliths 
of liite Laui’cntiiin gneiss. A broad central l^nnd of the Lower Huronian escaped 
this process, however, and has preserved its original attitude on a, than* of 
Keewatin and Lanrentian. 

The Animikie or 'Upper Huronian sediments which rest (m tin' planed-tlown 
floor of upturned Lower Hiironiam Lnurentian, and Keewatin rocks consist 
largely of chert and carbonaceous slate or shale, which lie is'arly horizoutn! and 
have undergone very little, change. 

The Keweenawan follows the Animikie with only a, small br<'ak, and includes 
.shallow water-beds of sandstone and congloinerate. a(‘eonipani<‘d by immense out- 
tiows of lava. Ab a result of the out)Knn‘ing of lava great basins, like that of 
Huperiov, resulted. It is probable that <luring th<' Animikie and Kiuveimawun 
most or all t>f the Canadian Shield was covered by the sea. 

The Keweenawan is genera, lly held to mark the close of the Andnean (or 
Algonkian or UroteruKoie). Low reports portions of Hk'S(‘ Formations as Iniving 
been caught in niountain-building of the Laurenlian type in Labnidor, but 
(‘ommonly they have nut been disiurlanl. 

Luring early Pabeozoic. times the Canadian Shield was mor<' ilmn once en- 
croached upon by the aea, though probably much of the peninsula of Labi'iidor, 
and perhaps a region north-west of Hudson .Bay, esc^quMi. 

From the Devonian to the Pleistocene the shield .semns to hava* nnnained dry 
land, and part of the Ordovician and Silurian cai)ping of .sediments was rtunoved 
during this long period. 

The suc(’e,ssion of Pletstocene ice-sheets eomi)leted tht‘ work of tlenudation, and 
at the end of the Ice Age many thousands of .s(juure miles of tlm lower portions 
were once more beneath the sea. 

Last of all, the regiciri has l)een rising at unequal rates in different parts, as 
shown by the warping of marine and frosh-water beiu-hes. 

The surface of low hills and rounded knolls of guei.ss and schi.sts heneath the 
Pleistocene boulder clay resenible.s in every way that Inmeatli the liat, shah's and 
limestones of the early Palmozoic, or the nearly horizontal s^Mliimmts of tin' 
Animikie, or (iven the undLsturlwd parts of the Lowm* Ifuroniun bould<>r clay. 
It may be that much of the surface, has been covered with .sedinients and restored 
to daylight by sub^rial erosion several times in sn<‘C(‘.Hsion. TTu' gr<‘ut<‘r part 
of the carving-down seems to have bet'n done before the Animikie /.c., within 
pre-Cambrian times— and the pre-Huronian surface seems a.s mature as any of 
the later ones, The bearing of this on the length of early geological tinie is 
evident. Pre-Huronian time imdudos the laying' down of thousands of feet of 
Keewatin sediments, the elevation of early Laurentian mountains, and the level- 
ling of these mountains to a ^meplain. It may be as long jis postH{urouian time. 


SpoHimood^ tb Ota /M., JPrintm, ImdmlCoMmter and Mton. 
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In choosing a subject for the address with which it is my duty, as President of 
this Section, to trouble you, I have found myself in no small embarrassment. 
As one whose business it is to lecture and give instruction in the details of 
fiomparative anatomy, and whose published work, qualecunque sit, has been 
indited on typical and, as men would now say, old-fashioned morphological lines, 
I seem to stand self-condemned as a morphologist. For morphology, if I read the 
signs of the times aright, is no longer in favour in this country, and among a 
section of the zoological world has almost fallen into disgrace. At all events, I 
have been very frankly assured that this is the case by a large proportion of the 
young gentlemen whom it has been my fate to examine during the past two years ; 
jind, as this seems to be the opinion of the rising generation of English zoologists, 
and as there are evident signs that their opinion is backed by an influential section 
of their elders, 1 have thought that it might be of some interest, and perhaps of 
some use, if I took this opportunity of offering an apology for animal morphology. 

It is a sound rule to begin with a definition of terms, so I will first try to give 
a shoi’t answer to the question ‘ What is morphology ? ’ and, when I have given 
a somewhat dogmatic answer, I will try to deal in the course of this address with 
two further questions : What has morphology done for zoological science in the 
past? What remains for morphology to do in the future? 

To begin with, then, what do We include under the term morphology? I 
must, first of all, protest against the frequent assumption that we are bound by 
the definitions of C. F. Wolff or Goethe, or even of Haeckel, and that we may 
not enlarge the limits of morphological study beyond those laid down by the 
fathers of this branch of our science. We are not — at all events we should nob be 
— bound by authority, and we owe no allegiance other than what reason commends 
to eanses and principles enunciated by our predecessors, however eminent they 
may have been. 

The term morphology, stripped of all the theoretical conceptions that have 
clustered around it, means nothing more than the study of form, and it is 
applicable to all branches of zoology in which the relationships of animals are 
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determined by reference to their form and structure. Morphology, therefore, 
extends its sway not only over the comparative anatomy of adult and recent 
animals, but also over pahnontology, comparative embryology, systematic zoology 
and cytology, for all these branches of our science ai-o 0 (*eu])U'd with the study of 
form. And in treating of form they have all, since the acceptance of the doctrine 
of descent with rnodifiiiation, made use of the same guiding prim-iple— namely, 
that likeness of form is the index to blood-relationship. It was the introduction 
of this principle that revolutionised the methods of morphology fifty years ago, 
and stimulated that vast output of morphological work which some persons, 
erroneously as I think, regard as a depaidurc from the line of progress indicated 
by Darwin. 

We may now ask, what lias morphology done for the advancement of zoological 
science since the publication of the Mjrigin of Species’? We need not stop to 
inquire what facts it has accumulated : it is sufli('i(‘ntly obvious that it has added 
enormously to our stock of concrete knowledge. We ha\'e rather io ask what 
great general })rin(dples has it established on so stumre a, basis that they meet 
with universal a('C!eptauce n,t the hn-nds of competent zoologists? 

Tt has doubtless been the object of morphology during the past half-century 
to illustrate and confirm the Darwinian theory. How far has it bt^en smtcessful? 
To answer this question we have to be sure of what we mean when we apeak of 
the Darwinian theory. 1 think that we mean at least two tilings. (1) 'Chat the 
assemblage of animal forms a»s \vc now see t.hem. with all tlu-ir diversities of form, 
habit, and structure, is directly descended from a precedent and somewhat 
different assemblage, and these in turn from a precedent and more different 
assemblage, a,nd so on down to remote periods of geological time. Further, that 
throughout all these periods inheritance combined with changeability of structure 
have been the factors operative in prodiuang the differences between the succes- 
sive assemblages. (2) That the modifuiiitions of form which this theory of evolu- 
tion implies have been rejected or jmeserved and aecnmiilated by the. action of 
natural selection. 

As regards the first of these propositions, I think there, can be no doubt that 
morphology has done great servi(!o in establishing onr belief on ii secairo basis. 
The transmutation of animal forms in past time (jannot be proved diretdly ; it can 
only be shown that, as a theory, it has a much higher degree of probability than any 
other that (‘an be brought forward, an<l in order to cstiibli.sh Hu* highest possible 
degree of probability, it was necessary to demonstrate that all anatomical, embryo- 
logical, and pala'ontological facts were eonsislcnt witli it. We. are apt. to forget, 
nowadays, that t.hcre is no a p'lori reason for regarding Hie resemblunce.s and 
differences that wo observe in organic forms as something different in kind from the 
analogous series of resemblances and differences that obtain in inanimate obj(‘cts. 
This was clearly ]iointod out by Fleeming Jenkin in a very alih* and much- 
referred to article in the North Britii^h Eeview for Juno 1807,' and hm argument 
from the n priori standpoint has as much for(^e to-day as wlien it was written 
forty-throe years ago. But it has lost almost all its force through the arguments 
a 'post&rion supplied by morphological scieneo. Our belief in the transmutation 
of animal organisation in past time is founded very largely u]ion our minute and 
intimate knowledge of the manifold relations of structural form that, obtain 
among a,dult animals; on our precise knowledge of the steps by whiHi these adult 
relations are established during the dovolojiment of different kinds of animals; 
on our constantly increasing knowledge of the succession of animal forms in past 
time; and, generally, on the conviction that all the diverse forms of tissues, 
organs, and entire animals are but the expression of an infinite number of varia- 
tions of a single theme, that theme being cell-division, multiplication, and 
differentiation. This conviction grew but slowly in men’s minds. It was opposed 
to the cherished beliefs of centuries, and morphology rendered a lU’ccHsary service 
when it spent all those years which have been described as ‘vears in the wihh*!’- 
ness ’ in aconmulating such a mass of clnumistantial evidence in favour of an 
evolutionary explanation of the order of animate* nature as to place th(^ doctrine 
of descent with modification on a secure foundation of fact. 1 do not believe 
that this foundation could have been so securely laid in any other way, and I 
hold that zoologists were actuated by a sound instinct in working so largely on 
morphological lines for forty years after Darwin wrote. Foi* there was a large 
mass of fact and theory to be remodelled and brought into harmony witli the new 
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ideas, and a still larger vein of undiscovered fact to explore. The matter was 
difficult and the pace could not be forced. Morphology, therefore, deserves the 
credit of having done well in the past : the question remains, What can it do in 
the future ? 

It is evident, I think, that it cannot do much in the way of adding new truths 
and general principles to zoological science, nor even much more that is useful in 
the verification of established principles, without enlarging its scope and methods. 
Hitherto-— or, at any rate, until very recently — ^it has accepted certain guiding 
principles _ on faith, and, without inquiring too closely into their validity, has 
occupied itself with showing that, on the assumption that these principles are 
true, the phenomena of animal structure, development, and succession receive 
a reasonable explanation. 

We have seen that the fundamental principles relied upon during the last fifty 
years have been inheritance and variation. In every inference drawn from the 
comparison of one kind of animal structure with another, the morphologist 
founds himself on the assumption that different degrees of similitude correspond 
more or less closely to degrees of blood-relationship, and to-day there are probably 
few persons who doubt that this assumption is valid. But we must not forget 
that, before the publication of the ‘ Origin of Species,’ it was rejected by the 
most influential zoologists as an idle speculation, and that it is imperilled by 
Alendeliati experiments showing that characters may be split up and reunited in 
different combinations in the course of a few generations. We do not doubt the 
importance of the principle of inheritance, but we are not quite so suie as we 
were that close resemblances are due to close kinship and remoter resemblances to 
remoter kinship. 

The principle of variation asserts that like does not beget exactly like, but 
something more or less different. For a long time morphologists did not inquire 
too closely into the question how these differences arose. They simply accepted 
it as a fact that they occur, and that they are of sufficient frequency and 
magnitude, and that a sufficient proportion of them lead in such directions that 
natural selection can take advantage of them. Difficulties and objections were 
raised, but morphology on the whole took little heed of them. Remaining stead- 
fast in its adherence to the principles laid down by Darwin, it contented itself 
with piling up circumstantial evidence, and met objection and criticism with an 
ingenious apologetic. In brief, its labours have consisted in bringing fresh in- 
stances, and especially such instances as seemed imconformable, under the rules, 
and in perfecting a system of classification in illustration of the rules. It is 
obvious, however, that, although this kind of study is both useful and indis- 
pensable at a certain stage of scientific progress, it does not help us to form new 
rules, and fails altogether if the old rules are seriously called into question. 

As a matter of fact, admitting that the old rules are valid, it has become in- 
creasingly evident that they are not sufficient. Until a few years ago morpho- 
logists were open to the reproach that, while they studied form in all its variety 
and detail, they occupied themselves too little — if, indeed, they could be said to 
occupy themselves at all — with the question of how form is produced, and how, 
when certain forms are established, they are caused to undergo change and give 
rise to fresh forms. As Klebs has pointed out, the forms of animals and plants 
were regarded as the expression of their inscrutable 'inner nature, and the stages 
passed through in the development of the individual were represented as the 
outcome of purely internal and hidden laws. This defect seems to have been 
nioro distinctly realised by botanical than by zoological morpho]ogi.sts, for Hof- 
mcisier, as long ago as 1868, wrote that the most pressing and immediate aim of 
the investigator was to discover to what extent external forces acting on the 
organism arc of importance in determining its form. 

If morphology was to be anything more than a descriptive science, if it was 
to progress any further in the discovery of the relations of cause and effect, it 
was clear that it must alter its methods and follow the course indicated by 
Hofmeister. And I submit that an innuiry into the causes \yhich produce altera- 
tion of form is as much the province of, and is as fitly called, morphology as, let 
us say, a discussion of the significance of the patterns of the molar teeth of 
mammals or a disputation about the origin of the ccnlomic cavities of vertebrated 
and invertobrated animals. 

There remains, therefore, a large field for morphology to explore. Exploration 
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has begun irom several sides, and in some qnariers has made substantial progress. 
It will be of interest to consider how much progress has been made along certain 
lines of research— -we caiiiiot now follow all the lines— and to forecast, if possible, 
the direction that this pioneer work will give to the morphology t>f the future. 

I am not aware that morphologists have, until quite recently, had any very 
clear concept of what may be expected to underlie form and structure. Dealing, 
as they have dealt, almort exclusively with things that cju] be .seen or rendered 
visible by the microscope, they have acquired the habit of thinking of the 
organism as made up of organs, the organs of tissues, the tissues of cells, and the 
cells as made up— of what? Of vital units of a lower order, as sevcu'al very 
distinguished biologists would have us believe; t>f phy.sioIugicuI uniis, of micclhe, 
of determinants and biophors, or of pangenos; all of them essentially morpholo- 
gical conceptionvS ; the products of imagination ))roj(‘cted beyond the confines of the 
visible, yet always restrained by having only one source of ('xperieiu'c- -namely, 
the visible. One may give unstinted admiration to tin; brilliancy, and even set a 
high value on the uscfuines.s, of these attempt.s to give formal rrpresentatiun.s of 
the genesis of organic striudure, and yt‘t recognise that their chief utility lues been 
to make us realise more clearly the problems that- have yet to be solved. 

Stripped of all the verbiage that has ucemnulated about them, the simple 
questions that lie immediately before us arc : What are the causes which prtxluce 
changes in the forms of animals and plants ‘I Are they purely iutenial, <uid, if so, 
are their laws discoverable? Or are they })urlly or wholly extermii, and, if so, 
how fur can we find rcktions of cause and cffeid betwwu ascertained chemical 
and physical phenomena and the structural rc-sponses of living beings? 

As an attempt to an.swer the last of thes’c (jnestions, we have the recent re- 
searches of the experimental morphologists niul embryologi.sts dire* 'ted towards 
the very aim that Hofmeistcr proposed. Originally foiuuled by Roux, the school 
of experimental embryology has outgrown its infancy and has dcvclufied into a 
\dgorous youth. It has produced some very remarkahle resuHs, wliich cannot fail 
to exercise a lasting influence on the coiirse of zoological stmlics. We have learnt 
from it a number of positive facts, from which we may drtiw v(‘ry iuiportunt con- 
clu.sioii8, subvcr.^iive of some of the mo.st cherisherl ideas of whilom morpiu,d(Jgi.st,s, 
It has been proved by experiment that very small changes in the chemical and 
phyjsieal environment" may and do produce' specif iti foriii-chang(?s in developing 
organisms, and in such oxporimoiits the consequence follow.s so regularly oti the 
antecedent that we cannot doubt that we luuc true relatioms <!f causi* and effect. 
It is not the least interesting outcome of these experiments that, as Loeh has 
romarked, it is aa yet impossible to connect in a raliomd way tlie effct't,s produced 
with the causes which produced them, and it is also impohsible bj define in a 
simple way the character of the change so produced. For example, there is tu) 
obvious connection between the minute <piantity of sulphates present in sea- 
water and the number and position of the <'havact eristic calcareous spicules in the 
larva of a sea-urchin. Yet Horbst has shown that if the eggs (d' .’•H.-a iircluns are 
reared in sea-water deprived of the needful sulphates (luirmaily *26 per cent, 
magnesium sulphate and *1 per cent, calcium sulphate), the tmmber and relative 
positions of these spicules are altered, and, in addition, changc.s are prodiu'cd in 
other organs, such as the gut and the ciliatcul bands. Again, tluu'e is no obvioms 
connection between the presence of a small excess of magne.sium I'ldonde in sea- 
water and the dovolopmont of the pairod optic vesicles. Yot 8iockard, by adding 
magnesium chloride to sea-water in the pro)>ortion of G grams of the former to 
100 c.c. of the latter, has produced .specific effects on the eye.s of developing 
embryos of the minnow Fumlulus Iicfn'odiim i the optic veKit'les, i«.«itoad of being 
formed as a widely separated pair, wore cau.scd to ai>proach the median line, and 
in about 50 per cent, of the embi'yos experimented upon the changes were so pro- 
found as to give rise to cyclopean monster.s. Many other instances might be cited 
of definite effects of physical and chemical agencies on particular organs, and we 
are now forced to admit that inherited ieiidencics may bo ctunpicitdy overcome 
by a minimal change in the environment. The nature of the organism, therefore, 
is not all important, since it yields readily to influences which at one time we 
should have thought inadequate to produce perceptible changes in it. 

It is open to anyone to argue that, interesting as experiments of this kind 
may be, they throw no light on the origin of permanent—that is to say, inherit- 
able— modifications of structure. It has for a lon^ time boon a matter of common 
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knowledge that individual plants and animals react to their environment, but 
the modifications induced by these reactions are somatic ; the germ-plasm is not 
affected, therefore the changes are not inherited, and no permanent effect is pro- 
duced in the characters of the race or species. It is true that no evidence has 
yet been produced to show that form-changes as profound as those that X have 
mentioned are transmitted to the offspring. So far the experimenters have not 
been able to rear the modified organisms beyond the larval stages, and so there 
are no offspring to show whether cyclopean eyes or modified forms of spicules are 
inherited or not. Indeed, it is possible that the balance of organisation of animals 
thus modified has been upset to such an extent that they are incapable of growing 
into adults and reproducing their kind. 

But evidence is beginning to accumulate which shows that external conditions 
may produce changes in the germ-cells as well as in the soma, and that such 
changes may be specific and of the same kind as similarly produced somatic 
changes. Further, there is evidence that such germinal changes are inherited — 
and, indeed, we should expect them to be, because they are germinal. 

The evidence oh this subject is as yet meagre, but it is of good quality and 
comes from more than one source. 

There are the well-known experiments of Weismann, Standfuss, Merrifield, 
and E. Fischer on the modification of the colour patterns on the wings of various 
Lepidoptera. 

In the more northern forms of the fire-butterfly, Chrysophanus [Polyommatus] 
pldcBan, the upper surfaces of the wings are of a bright red-gold or copper colour 
with a narrow black margin, but in southern Europe the black tends to extend 
over the whole surface of the wing and may nearly obliterate the red-gold colour. 
By exposing pupae of caterpillars collected at Naples to a temperature of 10° C. 
Weismann obtained butterflies more golden than the Neapolitan, but blacker 
than the ordinary German race, and conversely, by exposing pupae of the German 
variety to a temperature of about 38° 0., butterflies were obtained blacker than 
the German, but not so black as the Neapolitan variety. Similar deviations from 
the normal standard have been obtained by like means in various species of 
Vanessa by Standfuss and Merrifield. Standfuss, working with the small tortoise- 
shell butterfly (Fc!?zessa urtAcce), produced colour aberrations by subjecting the 
pupcE to cold, and found that some specimens reared under normal conditions 
from the eggs produced by the aberrant forms exhibited the same aberrations, 
but in a lesser degree. Weismann obtained similar results with the same species. 
E. Fischer obtained parallel results with Arctia caja, a brightly coloured diurnal 
moth of the family Bombycidas. Pupae of this moth were exposed to a tempera- 
ture of 8° C., and some of the butterflies that emerged were very dark-coloured 
aberrant forms. A pair of these dark aberrants were mated, and the female pro- 
duced eggs, and from these larvae and pupae were reared at a normal temperature. 
The progeny was for the most part normal, but some few individuals exhibited the 
dark colour of the parents, though in a less degree. The simple conclusions to be 
drawn from the results of these experiments is that a proportion of the germ- 
cells of the animals experimented upon were affected by the abnormal tempera- 
tures, and that the reaction of the germ-ceUs was of the same kind as the reaction 
of the somatic cells and produced similar results. As everybody knows, Weis- 
mann, while admitting that the germ-cells were affected, would not admit the 
simple explanation, but gave another complicated and, in my opinion, wholly 
unsupported explanation of the phenomena. 

In any case this series of experiments was on too small a scale, and the separate 
experiments were not sufficiently carefully planned to exclude the possibility 
of error. But no objection of this kind can be urged against the careful and 
prolonged studies of Tower on the evolution of chrysomelid beetles of the genus 
Leptinotarsa. iiejsfowotorsu— better known, perhaps, by the name Doryphora—k 
the potato-beetle, which has spread from a centre in North Mexico southwards 
into the isthmus of Panama and northwards over a great part of the United 
States. It is divisible into a large number of species, some of which are dominant 
and widely ranging; others are restricted to very small localities. The specific 
characters relied upon are chiefly referable to the colouration and colour patterns 
of the epicranium, pronotum, elytra, and underside of the abdominal segments. 
In some species the specific markings are very constant, in others, particularly in 
the common and wide-ranging L. decemlineata, th«y vary to an extreme degree. 

D 2 
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As the potato-beetle is easily reared and maintained in cajdiviiy, and produces 
two broods every year, it is a ])artitiilavly favourable subject for experimental 
investigation. Tower’s experiments have extended over a period of eleven years, 
and he has made a thorough study of the geographical distribution, dispersal, 
habits, and natural history of the genus. The whole work appears to luLve been 
carried out with tho most scrupulous regard to scientific’, accurticy, and the author 
is unusually cautious in drawing conclusions and chary of offeriug hypothetical 
explanations of his results. I have been greatly impressed by the large scale on 
which the experiments have been conducted, by the methods nsed, by the care 
taken to verify every result obtained, and by the great theoretical importance of 
Tower’s conclusions. 1 cun do no more now than alluck’ to some of tho most 
remarkable of them. 

After showing that there arc good grounds for believing tlijit colour prodmtiou 
in insects is dependent on tho action of a group of ciosel^v I’clated eimymos, of 
which chitase, the agent which produces hardening of chitiii, is the most im- 
portant, Tower domoiistrates by a series of well-planned exjieriments that colours 
are directly modified by the action of external agencies— viz., temperature, 
humidity, food, altitude, and light. Food chiefly affccls the subhypodermal 
colours of the larvag and does not enter much into account ; the most important 
agents affociing the adult colouration being temporal lire and humidity. A dight 
increase or a dight cjipcrease of temponiinre or humidity was found to stimulate 
the action of the colour-producing enzymes, giving a tendency to melanism; but 
a large increase or decrease of teniperature or humidity was found to inhibit the 
action of the enzymes, producing a strung tendency to albinism. 

A set of experiments was undertaken to test the question wludher colouration 
changes induced by changed environmental conditions were inheritcul, increased, 
or dropped in successive generations. These, experiments, carried on for ten 
lineal generations, showed that the changed conditions immediately produced 
their maximum effect; that they were- jmrcdj somatic, and were iioti inherited, the 
progeny of individuals which had been exposed to changed conditions through 
several generations promptly reverting when returned to normal conditions of 
enviromnent. hjo far the r<‘, suits are confirmatory of tin’ well-established pro- 
position that induced somatic changes a, re not inlieritable. 

But it was found necessary to remove the individuals e.'ciHO’imented upon from 
the influence of changed conditions during the ])eriads of growth and matura- 
tion of the gorm-ceils. Potato-beetles emerge from the pupil or from hibernation 
with the germ-cells in an undeveloped condition, and the ovii do nttt iill undergo 
their development at once, but are matimed in baiidies. The fir.st biiti’h matures 
during the first few days following emergence, then follows jin interval of from 
four to ten days, after which tho next batih of eggs is imiiured, and so on. This 
fact made it possible to test tho effect of altered conditions on the maturing 
gcrm-cells by subjecting its imagos to experimental conditions during the 
development of some of the batches of ova and to normal conditions during the 
development of other batches. 

In one of the experiments four male and four female individuals of K 
linmta wore subjected to very hot and dry conditions, afi'anpainied by low 
atmospheric pressure, during the development and fertilisation of the first three 
batches of eggs. Such conditions had been found prodiuiive of albinic^ deviations 
in previous experiments. As soon as the eggs were laid they were removed to 
normal conditions, and the larvm and pupm reared from them wen? kept in nonnal 
conditions.^ Ninety-eight adult beetles were reared from these batches of eggs, 
of which eighty-two exhibited the characters of an albinic variety found in nature 
and described as a species under the name pallifta; two exhibited the characters 
of another albinic species named immacvlofhoraxy and fourteen wcto unmodified 
decmlineatM. This gave a clear indication that tho altered conditions had pro- 
duced mociificcations in tho gorm-colls which wore expressed by colour changes in 
the adult individuals reared from them. To prove that tho deviations were not 
inherent in the germ-plasm of the parents, the latter were kept mulcir normal 
conditions during the periods of development and fertilisation of the last two 
batches of eggs ; the larv© and pupoo reared from these eggs wore? similarly sub- 
jected to normal conditions, and gave rise to sixty-one unmodified derpwUnmtafi, 
\yhich, when bred together, came true to typo for three generations. Tho (lee.em- 
hneata forms produced under experimental conditions also came true to type when 
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beed together. Of the pallida forms produced by experimental conditions all but 
two males were killed by a bacterial disease. These two were crossed with normal 
decemlineata femaleSj and the result was a typical Mendelian segregation, as 
shown by The following table : — 

2 S pallida X 2 ? decemlineata 

Hybrids, decemhneata characters dominant 

5 d X 3 $ 


Pallida 

6 


Pallida 
18 d,23 ? 


Decemlineata and hybrids 
16 d, 14 ? 



Pallida Decemhneata and hybrids 
8 d,7 $ 26 d,28 ? 


This is a much more detailed experiment than those of Standfuss, Merrifield, 
and Fisher, and it shows that the changes produced by the action of altered condi- 
tions on the maturing germ-cells were definite and discontinuous, and therefore 
of the nature of mutations in De Vries’ sense. 

In another experiment Tower reared three generations of decemlineata to test 
the purity of his stock. He found that they showed no tendency to produce 
extreme variations under normal conditions. From this pure stock seven males 
and seven females were chosen and subjected during the maturation periods of 
the first two batches of ova to hot and dry conditions. Four hundred and nine 
eggs were laid, from which sixty-nine adults were reared, constituted as follows : 


Twenty (12 ^,8 ? ) 
Twenty-three (10 6', 13 
Five (2 ^,3$) . 

Sixteen (9 <?, 7 $) . 


apparently normal decemlineata. 
pallida. 

immaculothorax. 

alhida. 


These constituted lot A. 

The same seven pairs of parents subjected during the second half of the repro- 
ductive period to normal conditions gave 840 eggs, from which were reared 123 
adults, all decemlineaias. These constituted lot B. The dec&mlineatas of lot A 
and lot B were reared side by side under normal and exactly similar conditions. 
The results were striking. From lot B normal progeny were reared up to the 
tenth generation, and, as usual in the genus, two generations were produced in 
each year. The decemlineatas of lot A segregated into two lots in the second 
generation. A^ were normal in all respects, but A^, while retaining the normal 
appearance of dece7nlineata, went through five generations in a year, and this ,for 
three successive years, thus exhibiting a remarkable, physiological modification, 
and one without parallel in nature, for no species of the genus Leptinotarsa are 
known which produce more than two generations in the year. This experiment is 
a, sufficient refutation of Weismann’s argument that the inheritance of induced 
modifications in Fnnessa urticce is only apparent, the phenomena observed being 
due to the inheritiince of two kinds of determinants— one from dark-coloured 
forms which are phyletically the oldest, and the other from more gaily coloured 
forms derived from the darker forms. There is no evidence whatever that there 
was ever a species or variety of potato-beetle that produced more than two, or at 
the most, and then as an exception, three broods in a year. 

The modified albinic forms in this last experiment of Tower’s were weakly ; 
they were bred through two or three generations and came true to type, but 
then died out. No hybridisation experiments were made with them, but in other 
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similar experiments, wMcfi I have not time to mention in detail, modified forms' 
produced by the action of changed conditions gave typical Mendeliaii characters 
when crossed with unmodified decewlineatmj thus proving that the induced 
characters were constant and heritable according to the regular laws. 

I have thought it worth while to relate these experiments at some length, 
because they seem to me to be very important, and because they do not appear 
to have attracted the attention in this country that they deserve. 

They are confirmed to a very large oxtent by the experiments of Professor 
Klefos on plants, the results of which were jniblished this summer in the Oroonian 
Lecture on ‘ Alterations of tho development and forms of plants as a result of 
environment.’ As I have only a short abstract of the Croonian Lecture to refer 
to, I cannot say much on this stibject for fear of misrepresenting tho author ; but, 
as far as I can judge, his results are (luite consisteiit with those of Tower. 
Sem'pervvmm funckii and acuminatum- were subjected to altered conditions of 
light and nutrition, with the result that striking variations, such as the trans- 
formation of sepals into petals, of petals into stamens, of .stamens into petals and 
into carpels, were produced, Experiments were made on Semper vhtm- aemnina- 
tmn, with the view of answering the question whether such alterations of flowers 
can be transmitted. The answer was in the allirmative. The seeds of flowers 
artificially altered and self-fertilised gave rise to twenty-one seedlings, among 
which four showed surprising deviations of floral structure. In two of these 
seedlings all the flowers wore greatly altered, and presented some of the modifica- 
tions of the mother plant, especially tho transformation of stamens into petals. 
These experimotits are still in progress, and it would perhaps be premature to 
lay too much stress upon them if it were not for the fact that they are so com- 
pletely confirmatory of tho results obtained by similar methods in the animal 
kingdom. 

I submit to you that evidence is forthcoming that external conditions may give 
rise to inheritable alterations of structure. Not, however, us was om.-e supposed, 
by producing specific changes in the parental soma, which changes were rofiecsted, 
so to speak, upon the germ-cells. The now evidence confirms the distinctions 
drawn by Weisnmnn between somatic; and germinal variations. It slwws that 
the former are not inherited, while the latter are; but it indicates that the germ 
may be caused to vary by the acjtion of external conditions in sutih a manner as to. 
produce specific changes in the progeny resulting from it. It is no mon; possible 
at the present time to connect rationally tho action of (y.xternal conditions on the 
germ-cells with the specific, results produced in the progeny than it is po.s.si{)]c 
to connect caiise with effect in the experiments of Horbst and Stockard; but, 
when we compare these two kinds of oxperiment.s, we are no longw able to argue 
that it is inconceivable that such and such conditions acting on tho genii' jdusm 
can produce such and such effects in the next generation of adults. ' We must 
accept the evidence that things which appeared inooru;eivable do in fact happen, 
and in accepting this we remove a great obstacle from the path of our inquiries, 
and gain a distinct step in our attempts to discover the laws which dotormino the 
production of organic form and structure. 

But such experiments as those which I have mentioned only dual with one 
aspect of the problem. They teU us about external conditions and the effects 
that they are ob.sGrved to produce upon the organism. They give us no definite 
information about the internal changes which, taken together, (;onsfeitate the 
response of the organism to external stimuli. As Darwin wrote, there are two 
factors to be taken into account — ^the nature of tho conditions and the nature of 
the organism— and the latter is much, the more important of the two. ,Morc im- 
portant because the reactions of animals and plants are manifold ; but, on the 
whole, the changes in the conditions are few and small in amount. Morphology 
has not succeeded in giving us any positive knowledge of tho nature of the 
organism, and in this matter we must turn for guidance to the phy.siologists, and 
ask of them how far recent researches have resulted in the discovery of factors 
competent to account for change ^of structure. Derhaps the first step in this 
mqmry is to ask whether there is any evidence of internal chemical changes 
analogous in their operation to the external physical and chomi<*al changes which 
we have been dealing with. 

There is a great deal of evidence, but it is extr'emely difficult to bring it to a 
focus and to show its relevancy to the particular problems that perplex the zoolo- 
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gist. ^ Moreover, the evidence is of so many different kinds, and each kind is so 
technical and complex, that it would be absurd to attempt to deal with it at the 
end of an address that has already been drawn out to sufficient length. But 
perhaps I may be allowed to allude to one or two generalisations which appear to 
me to be most suggestive. 

We shall all agree that, at the bottom, production and change of form is due 
to inm’ease or diminution of the activities of groups of cells, and we are aware 
that in the higher animals change of structure is not altogether a local affair, bub 
carries with it certain consequences in the nature of correlated changes in other 
parts of the body. If we are to make any progress in the study of morphogeny, 
we ought to have as exact ideas as possible as to what we mean when we speak of 
the activities of cells and of correlation. On these subjects physiology supplies 
us with ideas much more exact than those derived from morphology. 

It is,_ perhaps, too sweeping a generalisation to assert that the life of any 
given animal is the expression of the sum of the activities of the enzymes con- 
tained in it, but it seems well established that the activities of cells are, if not 
wholly, at all events largely, the result of the actions of the various kinds of 
enzymes held in combination by their living protoplasm. These enzymes are 
highly susceptible to the influence of physical and chemical media, and it is 
because of this susceptibility that the organism responds to changes in the en- 
vironment, as is clearly illustrated in a particular case by Tower’s experiments 
on the production of colour changes in potato-beetles. Bayliss and Starling have 
showm- that in lower animals, protozoa and sponges, in which no nervous system 
has been developed, the response of the organism to the environment is effected by 
purely chemical means. In protozoa, because of their small size, the question 
of coadaptation of function hardly comes into question ; but in sponges, many of 
which are of large size, the mechanism of coadaptation must also be almost exclu- 
sively chemical. Thus we learn that the simplest and, by inference, the phyle- 
tically oldest mechanism of reaction and co-ordination is a chemical mechanism. 

] n higher animals the necessity for rapid reaction to external and internal stimuli 
lias led to the development of a central and peripheral nervous system, and as we 
ascend the scale of organisation, this assumes a greater and greater importance as 
a co-ordinating bond between the various organs and tissues of the body. But 
the more primitive chemical bond persists, and is scarcely diminished in im- 
jiortancG, but only overshadowed by the more easily recognisable reactions due to 
the working of the nervous system. In higher animals we may recognise spetiial 
chemical means whereby chemical coadaptations are established and maintained a.t 
a normal level, or under certain circumstances altered. These are the internal 
secretions produced by sundry organs, wdiether by typical secretory glands (in 
w’'hich case the internal secretion is something additional and different from the 
external secretion), or by the so-called ductless glands, such as the thyroid, the 
thymus, the adrenal bodies, or by organs -which cannot strictly be called glands — 
namely, the ovaries and testes. All these produce chemical substances which, 
passing into the blood or lymph, are distributed through the system, and have 
the peculiar property of regulating or exciting the specific functions of other 
organs. Not, however, of all the organs, for the different internal secretions are 
more or less limited and local in their effects : one affecting the activity of this 
and another the activity of that kind of tissue or organ. Starling proposed the 
name hormones for the internal secretions because of their excitatory properties 
(op/idaif to stir up, to excite). 

Hormones have been studied chiefly from the point of view of their stimu- 
lating effect on the metabolism of various organs. From the morphologist’s point 
of view, interest chiefly attaches to the possibility of their regulating and pro- 
moting the production of form. It might be expected that they should be efficient 
agents in regulating form, for, if changes in structure are the result of the 
activities of groups of cells, and the activities of cells are the results of the 
activities of the enzymes which they contain, and if the activities of the enzymes 
are regulated by the hormones, it follows that the last-named must be the ultimate 
agents in the production of form. It is difficult to obtain distinct evidence of 
this agency, but in some cases at least the evidence is sufficiently clear. I will 
confine myself to the effects of the hormones produced by the testes and ovaries. 
These have been proved to be intimately connected with the development . of 
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secondary sexual cliaracterK—such; for instance, as the charai-toristic shape and 
size of the' horns of the bull; the comb, wattles, spurs, pliiiiiage colour, and spurs 
in poultry ; the swelling on the index finger of the male frog ; the sha.pe and size 
of the abdominal segments of crabs. These arc essentially morphological characters, 
the results of increased local activity of cell-growth and differentiation. As they 
are attributable to the stimulating effect of the horniono produced by the male 
organ in each species, they afford at least one good instance of the production 
of°a specific change of form as the result of an internal chemical stimulus. We 
get here a hint as to the nature of the cheiniail mechanism which excites and 
correlates form and function in higher organisms; and, froiii what has just been 
said, we perceive that this is the most primitive of ail the aiiinud mechanisms. I 
submit that this is a step towards forming a clear and concrete idea of the inner 
nature of the organism. There is one point, and, that a very important one, upon 
which we are by no means clear. We do nob know how fur the hariufmes iliem- 
selvGs are liable to change, whether by the action of o-xtcrnal conditions or by the 
reciprocal action of the activities of the organs to which they arc related. It is at 
least conceivable that figomdes which produce chemical disturbance.s in the (dr- 
dilating fluids may alter the chemieal constitution of the hormones, and thus 
produce far-reaclniig offects. The pathology of the thyroid gland gives some 
ground for belief that such changes may bo produced by the action of external 
conditions. But, however this may bo, the line of reasoning that we have followed 
raises the expectation that a chemical bond must exist between the functionally 
active organs of the body and the genn-cclls. For if, in tlie absence of a 
specialised nervous system, the only possible regulating and coadapting mechanism 
is a chemic;a] mechanism, and if the specific activities of a cell are dependent on the 
enzymes which it holds in combination, the germ-cells of any given animal must 
be the depository of a stock of enzymes sufiitdent to insure the dm' succession of all 
its developmental stages as well as of its adult structure and functions. And as the 
number of blustomcres increases, and the need for co-ordination of form and func- 
tion arises, before ever tlie rudiments of a nervous system are differentiated, it is 
necessaivy to assume that there is also a stock of ajipropriate hormones to supply 
the chemical nexus between the different parts of the embryo, '.riuj only alterna- 
tive is to suppose that they are synthesised a.s retjuired in the; cour.se of develop- 
ment. There arc grave objections to this sujiposition. All th(^ (widimcc at onr 
disposal goes to show that the potentialities of germ-cells are delermined at the 
close of the maturatiou divisions. Following the physiological lino of argument, 
it must be allowed that in this (connection ‘potentiality’ can nucan nothing else 
than (chemical coustitutiem. If we admit this, we admit the validity of the theory 
advanced by more than one physiologist that heritable ‘ charat'lers ’ or ‘ ten- 
dencies ’ must be identified with the enzymes (sarried in the germ -cells. If this 
be a true representation of the facts, and if the most fundamental and primitive 
bond between one part of an organism and anothm* is a chennx'al bond, It can 
hardly be the ease that germ-cells— which, infer (din, are the most primitive, in 
the sense of being the least differentiated, colls in tins body—should b(‘. the only 
(’oils which JU'e exempt froni the (shemical influences whit'h go to make np the 
co-ordinate life <)f the organism. It would scorn, ihercrforc, that there is sonu! 
theoretical justification f()r the inhcritanco of induced modilUtaiions, providyl 
that these are of such a kind as to react chemically on the enzymes contained in 
the germ-cells. 

On(i further idea that suggests itself to me and I have done, Ik it possible 
that different kinds of enzymes exercise an inhibiting inilmmce on one another; 
that germ-cells arc ‘undifferenliatcd' becausti tlu'y contain a larg<^ number of 
enzymes, none of whi(!h can slmw their activities in th (5 piesence of otluny., and 
that what wo call ‘ difforontiation ’ consists in the segregation of Ihe diffcjumt 
kinds into separate colls, ^ or perhai)s, ])X'ior to (icll-formation, into diffmamt parts 
of the fertilised ovum, giving rise to the phiiuomenon known to u.s ms pndocalisa- 
tionf The idea is purely speculative; but, if it could bo shown to have any 
warrant, it would go far to assist us in getting an understanding of the Iaw,s of 
the production of form, 

I have been wandering in torritorios outside my own provima*, ainl I .shall 
certainly be told that 1 have lost my way. But my thesis has Ix'eu that mor- 
ptiology, If it IS to make useful progress, must come out of its reserves and explore 
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new ground. To explore is to tread unknown patks, and one is- likely to lose 
one’s way in the unknown. To stay at home in the environment of familiar 
ideas is no doubt a safe course, but it does not make for advancement. Morpho- 
logy, I believe, has as great a future before it as it has a past behind it, but it 
can only realise that future by leaving its old home, with all its comfortable 
furniture of well-worn rules and methods, and embarking on a journey, the first 
stages of which will certainly be uncomfortable and the end is far to seet 
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Geogmpliy and some of Us more Pressing Needs. 

At the close of a reign which has practically coincided with the first decade of a 
new century, it is natural to look back and summarise the progress of geo- 
graphy during the decade. At the beginning of a new reign it is equally 
natural to consider the future. Our new sovereign is one of the most travelled 
of men. No monarch knows the World as he knows it; no monarch has ruled 
over a larger Empire or seen more of his dominions. His advice has been 
to wake up, to consider and to act. It will be in consonance with this advice 
if I pay more attention to the geography of the future than to that of the 
past, and say more about its applications than about its origins. 

Yet I do so with some reluctance, for the last decade has been one of the most 
active and interesting in the history of our science. The measurement of new 
and the remeasuremenf of old arcs will give us better data for determining 
the size and shape of the Earth. Surveys of all kinds, from the simple route 
sketches of the traveller to the elaborate cadastral surveys of some of the more 
populous and settled regions have so extended our knowledge of the surface 
features of the Earth that a map on the scale of 1,000,000 is not merely planned, 
but actually partly executed. Such surveys and such maps are the indispensable 
basis of our science, and I might say much about the need for accurate topo- 
graphical surveys. This, however, has been done very fully by some of my 
predecessors in this chair in recent years. 

The progress of oceanography has also been great. The soundings of our own 
and other Admiralties, of scientific oceanographical expeditions, and those made 
for the purpose of laying cables, have given us much more detailed knowledge 
of the irregularities of the ocean floor. An international map of oceanic contours 
due to the inspiration and munificence of the Prince of Oceanographers and of 
Monaco has been issued during the decade, and so much new material has 
accumulated that it is now being revised. A comparison of the old and new 
editions of KmmmeVs' Ozm7i(}(jrap7iie. shows us the immense advances in this 
subject. 

Great progress has been made on the geographical side of meteorology 
and climate. The importance of this knowledge for tropical agriculture and 
hygiene has led to an increase of meteorological stations all over the hot belt — 
the results of which will be of immense value to^the geographer. Mr. Bartho- 
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lomew’s ‘Atlas of Meteorology ’ .appeared at the beginiiing, and Sir John Eliot's 
‘ Meteorological Atlas of India ’ at the end of the decade. Dr. Hann’s ‘ Lehr- 
buch’ and the new edition of his * OHmaiology/ hlessrs. Hildebrandsson and 
Teisserenc de Bort’s great work, ‘The Study of the ITp^ier Atinnsphere,’ are 
among the landmarks of progress. The record is marred only by the closing of 
Ben Nevis Observatory. A comparison of the present nnmbcr and distribution 
of meteorological stations with those given in Bartholoniew’.s Atlas would show 
how great the extension of this work is. 

I have not time to recapitulate the innumerable stiidica of geographical value 
issued by many meteorological servii'cs, observatories and obsorve.rs—]Hiblic 
and private— but I may call attention to the improveil weather maps and to 
the excellent pilot charts of the North Atlantic. and of the Indian Ocean pub- 
lished monthly by our Meteorological Oilice. 

Lake studies have also been a feiiture of this dettiide, and none are so complete 
or so valuable as the Scottish Lakes 8nrvoy'-a wurl: of mitional importance, 
undertaken by private enthusiasm and generosity. We have t<j congratulate 
Sir John Murray and Mr. Piillar on tlie cunipletion of a grciii work. 

In Geology 1" might note that we now ))Osscs8 a map of Knrupe on a scale 
of 1 : 1,500,000 prepared by international co-oj)eratiou arid also one of North 
America on a smaller scale. The thanks and congratulation.s of all geogr.'iphers 
are due to Professor Suess on the miudnsion of his classical study of the Fai'c of 
the Earth, the first comprehensive study of the main divisions and characteristics 
of its skeleton. English readers are indebted to l^ro lessor ami IMiss Sollas for 
the brilliant English transljition which they have prcpai'ed. 

A new movement, inspired mainly by Professor Fluhault in France, Pro- 
fessor Geddes in this country, J'rofessors Engkr, Drnde, and l?>(;himper in Ger- 
many has arisen among botanists, and at last we have some modern botanical 
geography which is really valuable to the geograjilier. I wish we (umld report 
similar progress itl" zoological geography, but that., I trust, will come in tlie next 
decade. 

I pass over the val'Ibns expensive arbitrations and commissions to settle 
boundary disputes which have in many (tases luam due to .geog'rjpdiical ignorance, 
also the important and fascinating problems of tiu' growth of our knowledge 
of the distribution of economic products and ])owers <*.'£i.siing jind ixilential, and 
the new geogratfiiical problems for statesmen due to tlie indnstrial revolution 
in Japan and China. 

It is quite impossible to deal with the exjjloration of the de<'a(le. Even in the 
past two years we have had Peary and Shackletoii, Stein and Il'cdin, the Duke of 
the Abruzzi, and a host' of others returning to tell us of unknown or little known 
parts of the globe. We hope to hear some of the rt'sults of latest investiga- 
tions from Dr. Charcot. 

We wish success to Scott and his companions, to Bruce, Amnnd.scn, Fihhuer, 
and others, British, American, Gorman, or whatever nationality, who go to the 
South or North Polar ice worlds, to Longstaff, Bruce, and others exploring the 
Himalayan regions, and to other geographical expi'ditions too numerous to 
mention, 

One word of caution may, perhaps, bo inn*miited. lliere is a tendemy on the 
part of the public to confuse geographit'ul exiJonition and siiort. Tim newspaper 
reporter naturally lays stress oa the unusual in any expedition, tlie accidimtal 
rather than the essential, and those of us who have to e.xiimnu‘ the work of 
expeditions know how some have been unduly boomed Ixu-ause of sojne adven- 
turous element, while others have not received adequate popular n'cognition 
because all went well. The fa(‘t that all went well is in itself a proof of 
competent organisation. Thm is no excuse for ns in this section if we fall into 
the journalist’s mistake, and we shall certainly bo acting against tlie intejrsts 
of both our science and our sec'tion if we do so. 

It was not my intention in this address to raise the (piestion of what is 
Geography, but various circumstances make it desirable to say a f(‘w words upon 
it. We are all the victims of the geographical teaching of our youth, and it is 
easy to understand how those who have retained unchanged the conceplions of 
geography they gained at school many years ago cavil at the rei-ognition of 
geography as a branch of science. Moreover the geography of the schools still 
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colours the conceptions of some geographers who have nevertheless done much to 
make school geography scientific and educational. Many definitions of geography 
are consequently too much limited by the arbitrary but traditional division of 
school subjects. In schools tradition and practical convenience have on the 
whole rightly determined the scope of the different subjects. Geography in 
schools is best defined as the study of the Earth as the home of Man ; its limits 
should not be too closely scrutinised, and it should be used freely as a co-ordi- 
nating subject. 

The present division into sections of the British Association is also largely 
a matter of practical convenience, 'but we are told that the present illogical 
arrangement of sections distresses some minds. No doubt there are some curious 
anomalies. The most glaring, perhaps, is that of combining mathematics with 
physics — as if mathematical methods were used in no other subjects. 

There is a universal tendency to sub-division and an ever-increasing specialism, 
but there is also an ever-growing interdependence of different parts of science 
which the British Association is unquestionably bound to take into account. At 
present this is chiefly done by joint meetings of sections, a wise course, of which 
this section has been one of the chief promoters. It is possible that some more 
« systematic grouping of sections might well advised, but such a reform should 
be systematic and not piecemeal. It is one which raises the whole question of 
the classification of knowledge. This is so vast a problem and one on which 
such divergent opinions are held that I must apologise for venturing to put 
forward some tentative suggestions. 

It might be found desirable to take as primary divisions the Mathematical, 
Physical, Biological, Anthropological, and Geographical groups. Statistics might 
be regarded as a subdivision of Mathematics or as a field common to Mathematics 
and any of the other groups. In the second might be the sub-divisions Physics 
and Chemistry. Each would devote a certain proportion of time to its applied 
aspects— or there might be sub-sections on Physios, which would include 
Engineering and Applied Chemistry. In the Biological Group there would be 
Botany, Zoology, in both cases including Palaeontology and Embryology, and 
Applied Biology, which would be dealt with in one or other of the ways I have 
suggested, and would include Agriculture, Fisheries, etc. (Medicine we leave 
out at present.) In the Psychological group there would be a new section on 
Psychology, with the Education section as the practical appendage. Mathematical 
applications would be considered in each of the other sections which use mathe- 
matical notations. In the Anthropological group there would be the present 
Anthropology and Theoretical Economics with Applied Economics and Adminis- 
tration. In the Greographical group there would be Geography and Geology, the 
practical applications of Geography being considered in joint meetings, or sub- 
sections— for instance, Geography and Physics for questions of Atmospheric 
and Oceanic Circulation, Geography and Economics for questions of Trans- 
portation, etc. 

So much, then, for the classification of Geography with reference to the other 
sciences. I should like to say a few words about geographical classification and 
geogra})hical terminology. 

In the scheme of the Universe it is possible to consider the Earth as a unit, 
with its own constitution and history. It has an individuality of its own, 
though for the astronomer it is only one example of a particular type of heavenly 
bodies. As geographers we take it as our unit individual in the same way that an 
anatomist takes a man. We see that it is composed of different parts and we 
try to discover what these are, of what they arc composed, what their function 
is, what has been theii- history. 

The fundamental division is into land, water, and air. Each has its forms 
and its movements. The forms are more obvious and persistent in the land. 
They are least so in the atmosphere, though forms exist— some of which are at 
times made visible by clouds, and many can be clearly discerned on‘isobaric 
charts. The land is the ienqmrarily permanent,* the water and atmo- 
sphere the persistently mobile; the latter more so than the former. The 
stable forms of the latid help to control the distribution and movements of the 
waters and to a less extent those of the atmosphere. How great the influence of 
the distribution of land and water is on the atmosphere may be seen in the 
monsoon region of Eastern Asia. 
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We can analyse and classify the snb-cUvisions of the hmd. the water, and 
the atmosphere. Each has given rise to a. special braiicii of study. 

Geoniorphology deals with the forms of the land and their shaping—Geomorph- 
ology, Oceanography, and Climatology. Three things have to be kept clearly in 
view : (i) The structure, including the (‘om}iosition, of the more permanent sub- 
stance of the form; (ii) The forces which are modifying it; and (iii) The phase 
in the cycle of forms characteristic, of such structure acted on by such forms. We 
may say that any form is a function of stnu;ture, process, and time. The matter 
is even more complicated, for we have instances, -c.y. in antei'cdeiit drainage 
systems, of the conditions of a previous cycle affecting a subsequent oiie”-a kind 
of heredity of forms which cannot be ncglctded. 

The geomorpholngist is seeking for a genetic classification of forms, and in 
the works of iJavis, Penck, Richthofen, and Rupan and their pupils are being 
accumulated the materials for a more complete and sy.stematie classification of 
forms. As you all know, the question of terms for the manifold land-forms 
is a difficult one and apt to engender much more controversy than the- analysis 
of the forms themselves. 1 have long thought that we shall be driven to some 
notation analogous to that of the chemist.'^. 1 have not yet inid time to work 
such a notatioii out in detail, but it might take the form t)f using different 
symbols for the throe factors noted above — say, letters for differimt kinds of 
structure, and, say, Arabi(t figures for }>rocesscs, and Roman fig’ures for the 
stage of a cycle the form has rea-chod. 

Take a very simple set of structures and indicate each by a letter : 

Undis- 
turbed Faulted 
. A A' 

. B B' 

, 0 O' 

. . 1) ir 

. . E E' 


Structure 


bomogeuootis 

( horizontal 
iiltetl. 
folded . 
mixed .... 


If pervious or impervious, a p or an / could be added—r.y. u tilted limo- 
sloDc with faults would be (Fp. 

Next indicate the commoner erosion processes by Arabic numerals : 


Process . 


'surface water, 
ice . 
wind 
,soa . 


I 

*) 

3 

4 


One process may have followed another, r.y. where a long period of ice 
erosion has been followed by water erosion wo might write 2,1 wdiere these 
alternate annually, .say 2T. 

The phase of the cycle might be denoted by Roman figures. A scale of V 
might be adopted and 1, III, and V used for youthful, middle-aged and i»ld- 
aged, as i*rofessor Davis calls them; or ea-rly, middle, and late phases, as I 
-shall prefer to term them. 11 and IV would delude intermediate .stage.s. 

A scarped limestone ridge, in a relatively mature phase like the (kitswohls 
would be, if we jmt the protioss first— 1 C‘ III. : A highland like the Houihern 
Uplands of Scotland would be denoted by the formula 1. 2T W Ul. 

This is the roughest suggestion, but it shows how we could label our eases 
of notes, and pigeon-hole oiir typos of forms— and prevent- for the present undue 
quarrelling over terms. No doubt there would bo many discussions about the 
exact phase of the cycle, for example, whether ice in addition to water has been 
an agent in shaping this or that form. But, after all, these dia(‘usRions would 
be more profitable than quarrels as to which descriptive term, or place name, or 
local usa,ge should be adopted to distinguivsh it. 

In the case of climatology, there is coming to be a general consensus of 
opinion as to what are the chief natural divi.sions, and the use of figures and 
letters to indicate them has been followed by several authors. Thi.s should also be 
attempted for oceanography. 

If any international agreement of symbols and colours could be c;omo to for 
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such things it would be a great gain, and I hope to bring this matter before 
the next International Geographical Congress. 

We have still to come to Geography it-self. What are the units smaller than 
the whole Earth with which our science has to deal ? When we fix our attention 
on parts of the Earth, and ask what is a natural unit, we are hampered by precon- 
ceptions. We recognise species, or genera, families, or races as units — but they 
are abstract rather than concrete units. Speaking for myself, I should say that 
every visible concrete natural unit on the Earth’s surface consisting of more than 
one organic individual is a geographical unit. It is a common difficulty not to be 
able to see the wood for the trees ; it is still more difficult to recognise that the 
wood consists of more than trees, that it is a complex of trees and other 
vegetation, fixed to a definite part of the solid earth and bathed in air. 

The family, the species, and the race are abstract ideas. If we consider 
them as units, it is because they have a certain historical continuity. They 
have not an actual physical continuity as the component parts of an individual 
have. Concrete physical continuity is what differentiates the geographical unit. 
We may speak of a town or state as composed of people, but a complete 
conception of either must include the spacial connections which unite its parts. 
A town is not merely an association of individuals, nor is it simply a piece of 
land covered with streets and buildings ,* it is a combination of both. 

In determining the greater geographical units, man need not be taken into 
account. We are too much influenced by the mobility of man, by his power 
to pass from one region to another, and v/e are apt to forget that his influence 
on his environment is negligible except when we are dealing with relatively 
small units. The geographer will not neglect man; he will merely be careful 
to prevent himself from being unduly influenced by the human factor in select- 
ing his major units. 

Some geographers and many geologists have suggested that land forms alone 
need be taken into account in determining these geographical units. Every 
different recognisable land form is undoubtedly a geographical unit. A great 
mountain system, such as that of Western North America, or a vast lowland 
such as that which lies to the east of the Rocky Mountains, is undoubtedly a 
geographical unit of great importance, but its suh-divisions are not wholly 
orographical. The shores of the Gulf of Mexico cannot be considered as similar 
geographically to those of the Arctic Ocean, even if they are morphologically 
homologous. I wish to lay great stress on the significance of vegetation to the 
geographer for the purposes of regional classification. I do not wish to employ 
a biological terminology nor to raise false analogies between the individual 
organism and the larger units of which it is a part, but I think we should do 
well to consider what may be called the life or movement going on in our units 
as well as their form. We must consider the seasonal changes of its atmospheric 
and of its water movements, as well as the parts of the Earth’s crust which they 
move over and even slightly modify. For this purpose a study of climatic 
regions is as necessary as a study of morphological regions. The lowlands of 
the Arctic area are very Tifierent from those at or near the tropics. The rhythm 
of their life is different, and this difference is revealed in the differences of 
vegetation. 

By vegetation I mean not the flora, the historically related elements, but 
the vegetable coating, the space-related elements. Vegetation in this sense is 
a geographical phenomenon of fundamental importance. It indicates quality — 
quality of atmosphere and quality of soil. It is a visible synthesis of the 
climatic and edaphic elements. Hence the vast lowlands of relatively uniform 
land features are properly divided into regions according to vegetation — tundra, 
pine forest, deciduous forest, warm evergreen forest, steppe, and scrub. Such 
differences of vegetation are full of^significance even in mountainous areas. 

The search after geographical unity — after general features common to recog- 
nisable divisions of the iBlai’th’s surface, the analysis of these, their classifica- 
tion into types, the comparisons between different examples of the types — seem 
to me among the first duties of a geographer. Two sets of maps are essential — 
topographical and vegetational-— the first giving the superficial topography and 
as far as possible its surface irregularities, the latter indicating quality of climate 
and soil. 
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Much has been said in recent years— more particularly from this Presidential 
chair— on the need for reliable topogra,phical maps. Without such maps no 
others can be made. But when they arc being made it would be very easy to 
have a general vegetational ina-p coiu})ilocl. Such majis are even more fundamental 
than geological maps, and they can be constriickd more rapidly and cheaply. 
Every settled country, and more pm-ticularly every partially settled country, 
will find them invaluable ff there is to be any intelligent and systematic utilisation 
of the products of the country. 

The geographer’s task I am assuming is to study environment s, to examine 
the forms and qualities of the Earth’s surface, and to recognise, define, and 
classify the diflerent kinds of natural units into which it rim be divided. For 
these vve have not as yet even names. It may seem absurd that there should be 
this want of terms in* a subject which is associated in the minds of most people 
with a superfiuity of names. 1 have clsoAvhere suggested the use of the terms 
major natural region, natural region,- district, and loi-ality to represent different 
grades of geographical units, and hawo also attempk'd to ma|) the seventy or 
eighty major natural regions into which the Earth’s surfact* is divided, and to 
classify them into about .twenty types. These tentative divisions will necessarily 
become more accurate as research prot'ceds, and the. minor natural regions into 
wliich each major natural region should he divided will !)c detinitcly re(‘ognised, 
described, and classified. Bororc this cun bo done, however, the study of 
geomorphology and of plant formations must bo curried far beyond the present 
limits. 

At the opposite end of the scale, that is in the geograpliii'al study of localities, 
good work is beginning to be done. Dr, H. R, Idill, one of the pioneers of 
geography in this country and one of iny most distinguLsIied predecessors in 
this chair, has given us in his sUuly of south-west vSusse.v an admirable example 
of the geographical monograph proper, wliich takes into account, the whole of 
the geographical factors involved. Ho has eiiqdoyed (juautitiitivc methods as 
far as these could be applied, and in doing so has maih^ a great step in advamie. 
Quaniitaiivo detormi nations are at least us essential in geitgrajihical research 
as the consideration of the time factor. 

The goomorjihulogist and the sociologist have also hmsicfl themselves with 
particular aspects of selected localities. Professor W. hi. Davis, of Harvard, 
ha.s published gcomorpliological monographs which are invalualihi as models of 
what such work should he. In a number of eases he. has pa.ssed btwond mere 
morphology and has called attention to the (trganit! responses associated with 
each hind form. Borne of the monograph.^ published nmler th<^ supervision of 
the late Professor Eaizel, of Leipzig, bring out very clearly tIu^ relaii<in between 
organic and inorganic distributions, and some of the monographs of the Le Play 
school incddcntally do the same. 

At present there is a double need. Bc^seareh may take lht‘ form, in the first 
place, of collecting new information, or, in the. second place, of working up the 
material which is. continually being accumulated. 

The first task— that of collecting new information- is no small om*. In many 
cases it must Imj undertaken on a scale that can be tinance<l only l>y Govern- 
ments. The Ordnance and Geologi(‘al Surveys of our own and oilier countries 
are examples of Government dcpurtnHml..s earrying on this work. We iuhsI more 
of them. We need urgently a Hydrogrnphiiinl Department, whi<*h would co- 
operate with Dr. Mill’s rainfall organisation. It wouhl he one of the tasks of 
thi.s department to extend and (‘o-ordinate the observations on river and lake 
discharge, whi(*h {ire so important from an eeonoinic or IkmiHIi point, of view that 
various public Imdles have had to make sugh investigations for th«' drainage areas 
which they control. )Such research wmrk as that done liy Dr. Btrahan for the 
Exo and Medway would be of the greatest value to such a (iepurfment, which 
ought to prepare a map showing all existing water right.s, public an<i private. 

We shall see how serious the absence of .sntdi a depurtimuit is if we consider 
how our water supply is limited, and how much of it is not nseil to the liest 
advantage. We mu.st know iis average ipiuntity and the extreim* variations of 
supply. We must also know what water is already assigned to lh<». uses of ihowiis 
and corporations, and what water is still available. Wc shall liavi^ to ilifferen- 
tiate between water for the personal use of man and animals, and water for 
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industrial purposes. The actualities and the potentialities can be ascertained 
and should be recorded and mapped. 

In the second direction of research — that of treating from the geographical 
standpoint the data accumulated, whether by Government departments or by 
private initiative — work has as yet hardly been begun. 

The topographical work of the Ordnance Survey is the basis of all geographical 
work in our country. The Survey has issued many excellent maps, none more 
so than the recently published half-inch contoured and hill-shaded maps with 
colours _‘in layers.’ Its maps are not all above criticism,* for instance, few can 
be obtained for the whole kingdom having precisely the same symbols. It has 
not undertaken some of the work that should have been done by a national 
cartographic service — for instance, the lake survey. Nor has it yet done what 
the Geological Survey has done—published descriptive accounts of the facts 
represented on each sheet of the map. Fi'om every point of view this is a great 
defect; but in making these criticisms we must not forget (i) that the Treasury 
is not always willing to find the necessary money, and (ii) that the Ordnance 
Survey was primarily made for military purposes, and that the latest map it has 
issued has been prepared for military reasons. It has been carried out by men 
who were soldiers first and topographers after, and did not necessarily possess 
geographical interests. The ideal geographical map, with its accompanying 
geographical memoir, can be produced only by those who have had a geographical 
training. Dr. Mill, in the monograph already referred to, has shown us how to 
prepare systematised descriptions of the one-inch map sheets issued by the 
Ordnance Survey. 

At Oxford we are continuing Dr. Mill’s work. We require our diploma 
students to select some district shown on a sheet of this map for detailed study 
by means of map measurements, an examination of statistics and literature 
which throw light on the geographical conditions, and, above all, by field 
work in the selected district. Every year we are accumulating more of these 
district monographs, which ought, in their turn, to be used for compiling 
regional monographs dealing with the larger natural areas. In recent years 
excellent examples of such regional monographs have come from France and 
from Germany. 

The preparation of such monographs would seem to fall within the province 
of the Ordnance Survey. If this is impossible, the American plan might be 
adopted. There the Geological Survey, which is also a topographical one, is glad 
to obtain the services of professors and lecturers who are willing to undertake 
work in the field during vacations. It should not be difficult to arrange similar 
co-operation between the Universities and the Ordnance Survey in this country. 
At present the Schools of Geography at Oxford and at the London School of 
Economics are the only University departments which have paid attention to the 
preparation of such monographs, but other Universities will probably fall into 
line. Both the Universities and the Ordnance Survey would gain by such 
co-operation. The chief obstacle is the expemse of publication. This might 
reasonably be made a charge on the Ordnance Survey, on condition that each 
monograph published were approved by a small committee on which both the 
Universities and the Ordnance Survey were represented. 

The information which many other Government departments are accumulating 
would also become much moi‘e valuable if it were discussed geographically. 
Much excellent geographical work is done by the Admiralty and the War Office. 
The jMeteorological Office collects statistics of the weather conditions from a 
limited number of stations; but its work is supplemented by private societies 
wliicb are not well enough off to discup the observations they publish with the 
detail which these observations deserve.* The Board of Agriculture and Fisheries 
has detailed statistical information as to crops and live stock for the geographer 
to work up. From the Board of Trade he would obtain industrial and commercial 
data, and from the Local Government Board vital and other demographic 
statistics. At present most of the information of these departments is only 
published in statistical tables. 

Statistics are all very well, but they are usually published in a tabular form, 
which is the least intelligible of all. iStatistics should be mapped and not merely 
be set out in columns of figures. Many dull Blue Books would be more interesting 
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and move widely ii.sed iT their facts were, properly mapped. I say properly 
mapped iDecaiise most example.s of so-called statistical maps are merely crude 
diagrams and are often actually misleading. It requires a knowledge of geography 
in addition to an understanding of statistical methods to prepare intelligible 
statistical maps. If Mr. Bosse’s maps of the population of England and Wales 
in Bartholomew’s Survey Atlas are compared with the ordinary ones the difference 
between a geographical map' and a cartographic diagram will be easily appreciated. 

The coming census, and to a certain extent the census of production, and 
probably the new land valuation, will give more valuable raw material for 
geographical treatment. If these are published merely in tabular form they 
will not be studied by any but a few ex})ert.s. Give a geograplier with a proper 
stalf the task of map})iug them in a truly geographical way and they will be 
eagerly examined even by the man in the street, who cannot fail to learn from 
them.' Tdie presentation' of the true state of the country in a cleaa*, graphic 
and intelligible form is a patriotic piece of work whirdi the Government should 
midertake. Jt would add relatively little to the co.st of the census and it would 
infinitely increase its value. 

The double lack- -the lacurur^ in the information and the absence of adequate 
geographical treatment rd’ such material as there i-s-iuakes the ta.sk of studying 
the huge natural divisions which we call continents a very ditlicnit and umsatis- 
factory one. For several yeans in Oxford we have brum trying to gather together 
the materia] available fur the ;study of the e<nrtint‘nts and tt) make as accurate 
maps as is pr^ssihle for geographical purposes. We have jidojded unifornr s<‘ales 
and methods, and by using equal area ]>ri)jections we have olkained comparative, 
graphiri representations of the facts. We hope before the <‘!nt of tire year to 
is.srie maps of physieal features, vegetation, and rainfall of <‘ach continent and 
other maps for the World. TTie.st' are being measuted. and 1 hope will yield 
more reliable (piantitiitive infonnution alxnii the World and its continents than 
we po.ssess at present. 

With such (piantitiative intoianation and with a fulk>r analysis of the major 
natural regimrs it ought, to be possible to go a .ste{> further atid to attempt 
to map the economic valm- of <lifferent n‘gi<ms at the present day. Such 
maps would ,iK‘ces.sarily f)c t)nly approximations at first. Out of them might 
grow other maps firophetic of (‘cononiii* po.'-'sihilities, Frophecy in the scientific 
sense i.s an important outi'ome of geographical as well as of other .scientific 
research. The tost of geographical laws as of others is the pnigmatic* one. 
Prophecy is commonly hut unduly derided. Men(iely<'frK f>eriofl law involved 
prophecies which have been splendidly v<n’ifu‘d. We no longer sneer at- the 
weather prophet. Ethcient aeiioii is hasetl on knowledge of eau.se and con.se- 
quonco, and proves that a true foretsisf of th(‘ variou.s fnc(or.H ha.s been made, hs 
it too much to look forward to the time when tin* geographical prosfw'ctnr, the 
geographer who can estijuate potential geograpliical valiuss, will la* a.s common 
as and more reliable than the mining ]>ru.sp(H'tK»r ? 

The day will undoubtedly <‘ome when every Gi>vernment will liave its 
geographical-statistical department dealing with its t>\vn and other countries 
an information bureau for the adiinnisirutitm corresponding to the defairtmcut of 
special inquiries at the Boar<l of Kduention. TTieia* is no giHigraphieal staff 
to deal geographically with economic matter.s or with administrative matters. 

the recognition of ami proper estimation of the geographical fact<m is going 
to be move and more important as the uttermost ends of the Earth are bound 
together by visible steel lines and steel vessels or invisihle impulses which 
require no artificial patli or v<‘ssel as their vehicle. 

The development (tf g(mgra,phi<‘nl resear<*h along these lines in our own country 
eould givo us an Intelligence Department of tin* kind, wliiclj is much needed. 
If this were also done by other .states within the Empire, an Imperial Intelligence 
BepaaTment would gradually d<«velop. Thinking in continents, to borrow an apt 
phrase from one of my predecessors, might then heconu* part of file luvessaiy 
equipment of a state.sman instead of meixdy an after-dinner aspiration. The 
country which firiit gives this training to its statesmen will have an immeasur- 
able advantage in the struggle for existence. 

Our universities will naturally lie the plaees when^ the men fit to constitute 
such an Intelligence Department will be trained. Jt is encouraging, therefore, to 



PRESIDENTIAL ADDRESS. 


9 


see that they are taking up a new attitude towards geography, and that the Civil 
bervice Commissioners, by making it a subject for the highest Civil Service 
examinations, are doing much to strengthen the hands of the universities. When 
the -British Association last met in Sheffield geography was the most despised of 
school subjects, and it was quite unknown in the universities. It owed its first 
recognition as a subject of university status to the generous financial support of 
the Royal Geographical Society and the brilliant teaching of Mr. Mackinder at 
Oxford. Ten years ago Schools of Geography were struggling into existence at 
Oxford and Cambridge, under the auspices of the Royal Geographical Society. 
A single decade has seen the example of Oxford and Cambridge followed by 
nearly every university in Great Britain, the University of Sheffield among them. 
In Dr. Rudmore Brown it has secured a traveller and explorer of exceptionally 
wide experience, who will doubtless build up a Department of Geography worthy 
of this great industrial capital. The difficulty, however, in all universities is to 
find the funds necessary for the endowment, equipment, and working expenses 
of a Geographical Department of the first rank. Such a department requires 
expensive instruments and apparatus, and, since the geographer has to take the 
whole world as his subject, it must spend largely on collecting, storing, and 
utilising raw material of the kind I have spoken of. Moreover, a professor of 
geography should have seen much of the World before he is appointed, and it 
ought to be an important part of his professional duties to travel frequently and 
far. I have never been able to settle to my own satisfaction the maximum income 
which a department of geography might usefully spend, but I have had con- 
siderable experience of working a department with an income not very far above 
the minimum. Till this year the Oxford School of Geography has been obliged 
to content itself with three rooms and to make these suffice not merely for lecture- 
rooms and laboratories, but also for housing its large and valuable collection of 
maps and other materials. This collection is far beyond anything which any 
other university _ in this country possesses, but it shrinks into insignificance 
beside that of a rich and adequately supported Geographical Department like that 
of the University of Berlin. This fortunate department has an income of about 
G,0(X)?. a year and .an institute built specially for its requirements at a cost of over 
150,000/!., excluding the site. In Oxford we are only too grateful that the 
generosity of Mr. Bailey, of Johannesburg, has enabled the School of Geography 
to add to its accommodation by renting for five years a private house, in which 
there will temporarily be room for our students and for our collections, but where 
we can never hope to do what we might if we had a building specially designed for 
geographical teaching and research. Again, Lord Brassey and Mr. Douglas 
Iri’eshfield, a former President of this Section, have each generously offered 5001. 
towards the endowment of a professorship if other support is forthcoming. All 
this is matter for congratulation, but I need hardly point out that a professor 
with only a precarious income for his department is a person in a far from 
enviable position. There is at present no permanent working income guaranteed 
to any Geographical Department in the country, and so long as this is the case 
the work of all these departments will be hampered and the training of a succes- 
sion of competent men retarded. I do not think that I can conclude this brief 
Address better than by appealing to those princes of industry who have made 
this great city what it is to provide for the Geographical Department of their 
university on a scale which shall make it at once a model and a stmulus to every 
other university in the country and to all benefactors of universities. 
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ADDEESS 

TO THE 

ECONOMIC SCIENCE AND STATISTICS SECTION 

BY 

SiE H. LLEWELLYN SMITH, KC.B., M.A., B.Sc., E.S.S., 

PRESIDENT OP THE SECTION. 

What should be the scope, form, and contents of a presidential address to the 
Economic Section of the British Association ? 

If we attempt to solve this question by the historical method we obtajn 
indecisive results, for a hasty glance at the addresses of my predecessors in 
recent years shows' a very wide range of variation, from the detailed examination 
of some particular point of economic theory or practice to a general survey of the 
past, present, or future of Economic Science, or a funeral oration over the grave 
of some obsolete school of thought. Nor does the comparative method — the 
examination of the prevalent customs in other sections of the British Association 
—give any clearer guidance. 

If we fall back upon the d. priori or deductive method it may not be difficult 
to construct some theoretical ideal of what a presidential address should be. 
Thus it might be suggested that the opening address should be to the general 
proceedings of the section what an overture is to an opera-— introductory, sugges- 
tive, occasionally reminiscent of previous works of the series, touching skilfully 
on the principal * motives ’ of current discussions without resting too long or too 
heavily on any. It should doubtless include a systematic and impartial review of 
the whole range of contemporary economic activity both on the scientific and on the 
practical sides, with just enough accompaniment of judicious applause or censure, 
encouragement or warning, to maintain the interest and to afford the necessary 
light and shade, while avoiding the dangers of polemical controversy which would 
provoke a desire for retort and refutation. 

Unfortunately, d priori reasoning notoriously depends upon hypotheses, which 
rarely correspond accurately with realities, and which in the present case are 
veritable feet of clay. In particular our theory presupposes that the Council of 
. the British Association have appointed a President who has the necessary leisure 
of mind to keep himself fully abreast of economic thought and research through- 
out the world, and who can devote to the pursuit of economic science that un- 
remitting and undistracted attention which the economic man is popularly sup- 
posed to devote to the pursuit of wealth. Lastly, he is also assumed to be in a 
position of untrammelled freedom to tell anything he happens to know. Instead 
of this the Council have selected a hard-worked official with^ little leisure for the 
pursuit of any subject outside the range of his^ official duties, while as regards 
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subjects -within that range (including almost every branch of applied economics) 
the very nature of these duties imposes the most stringent reserves on his power 
of free discussion. 

Nor does this disability arise from any formal rule or prohibition or considera- 
tions of official etiquette. It is the inevitable result of the working of natural 
lav/s which connect causes wifh their consequences direct and indirect, immediate 
and remote. Were I to-day to discourse to you freely and without reserve on 
questions of fiscal policy and commercial treaties, industrial eombinafions, railway 
agreements, and shipping rings, patents and copjTight, merchandise marks, 
labour organisation, bankruptcy legislation, and municipal trading, I think that 
I could probably afford you an hour’s entertainment which might lie both 
interesting and instructive, but I should look forward with some misgiving to the 
reactions of my indiscretions on the future working of the machine of which 
I am an attendant. 

This, then, being the plight in wliich T find niyself, my only course is to do 
the best I can under rather impropitious conditions, to put before^ you without 
much order or system- such thoughts and ideas as occur to me witli regard to 
recent and present economic tendencies, and, if I must be indiscreet, to confine 
my indiscretions within reasonable limits. 

But at the outset I must pause to say a word or two as to our losses during 
the past ye<ar. Death has been unusually busy of late in the ranks of eciuiomists, 
and hardly any important country has escaped its ravages. I can only mention 
a few of the more important losses. 

To take our own cotmtry first, we are mourning th<* loss of the recognised 
doyen of economic statistics. Sir Robert Giffen was unequalled in his broad 
grasp, fine sense of proportion, and clear insigdit in handling masses of common 
statistics,, and in extracting from them their real significance. But he was 
more than a statistician; his mind was extraordinarily fresh and original, and 
there were few subi'ects within the range of practical ecnnomi<‘s which he touched 
without illuminating. Of Sir Robert Giffen as an official I speak from i^ersonal 
knowledge, for he was my first chief in the. Civil Service, and 1 shall always 
remember the ungrudging help and the generoms support and appreciation which 
he bestowed on his staff and colleagues. 

Looking across the sea we .share the regrets of otir Ainericuti colleagues for 
the loss of Simon Newcomb, a great astronomer who had also made n mune among 
economists for the freshness, vigour, and originality of his frecjuetff incursions 
into the domain of our science; and also of Professor Bumner, of Yale, who 
stood very high indeed among economic. tea<rherH. 

In L4on Walras, France has lost a distinguished <‘cononust whose mo.sf im- 
portant work belongs to a past generation, but wh(»se death severs om* more of 
the few remaining links with the period of the first revolt against tlie tlucirinaire 
successors of the classical economists. Walras wa.s one of the early reiads, and 
he shares with Monger and Jevons the honour of being a pioneer the appli<'a- 
tion of mathematical methods to economic theory. 

Another and yet more recent loss sustained by FraiU’e has been the death 
of Emile Cheysson, distinguished both jus administrator and statistician. His 
worlj was of particular importance in those fields of social etderprise in which 
the mathematical methods of the {U‘ttiary are ne<Hled to plat’c philanthropic effort 
on a sound ba.sis, and he also devoted much p<‘rsonal energy to the promotion of 
schemes for social improvement. 

The untimely and aln)ost tragic death of Ernst von Halle ounrred 
on June 29, 19()9, and therefore falls just outside the period of the 
last twelve months.^ But I cannot pass over in silence the loss which 
Germany^ has sustained by the death of this brilliant young tnunomiat 
and public servant. Von Halle was probably be.st known in thi.s country by his 
stpdy of Trusts, published at a time when industrial {'ombinatioiis wi»re*«nly 
beginning to attract the attention which has .since bwo ,so abundantly {M\stowe(i 
On them. But perhaps his most characteiistic work wa.s done in comuHlion with 
the maritime development of Germany, and one of hi.s latest economic writings 
was the essay which appeared in the ‘Economic Journal’ eighteen months 
before ms death, in which he endeavoured to combat mi.sapprf'hen.sions as to the 
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historic’ basis, the objects, scope, and necessary limitations of a movement which 
is of such profound interest to the world at the present time. 

One of the most notable losses of the year has been that of Nicholaas Gerard 
Pierson, the economist statesman of Holland, who was not only unquestionably 
the most distinguished of contemporary Dutch economists, but who for four years 
{1897-1901) occupied the post of Prime Minister of his country. 

Austria mourns the loss, at the age of sixty-one, of Dr. Franz Ritter von 
Juraschek, head of the Austrian Central Statistical Coinmission, whose eminent 
services to statistics were especially fruitful in the domain of international com- 
parisons. 

Two other veteran economists have passed away — namely, Dr. Julius Kautz, 
the Hungarian economist, at the age of eighty; and Professor Aschehoug, of 
Christiania, at the age of eighty-seven. Kautz is a link with the time of Roscher 
and the early German historical school. Aschehoug had occupied a professorial 
position in the university for fifty-six years. 

Turning from the review of our losses to the progress of economic science and 
statistics during the past year we find perhaps little that is sensational to record, 
but much evidence of quiet, steady, and solid progress along various lines of 
research. I am now, of course, speaking of the output of new and original 
economic work, not of the popular discussion of practical economic problems, 
which has been perhaps more active and persistent, not to say blatant, during 
the last twelve months than in any corresponding period of recent times. For 
reasons which I_ shall indicate presently, I am by no means inclined to take a 
purely cynical view of the value of these popular discussions even when carried 
on amid the heat of party politics. Good as well as evil, and often in greater 
measure than evil, may, and I am convinced does, result in the long run to 
economic science from popular discussions of economic questions, however super- 
ficial they may be, and however distorted by bias and passion. But it is not of 
this sort of thing that I am now speaking, but of modern economic work and 
thought properly so-called. 

Among the most welcome tendencies of recent economic thought and writing 
has, I think, been a marked falling-oS dn the sterile and strident controversy 
that has so long been carried on between the advocates of different methods of 
research. We might, I think, be justified in saying that a truce, if not a perma- 
nent peace, has been declared between the champions of the so-called historical 
and abstract or analytic methods, based on the mutual recognition that both 
methods are indispensable, and are, when rightly used, complementary rather 
than antagonistic. The metaphor of the two feet which are necessary for walk- 
ing (or at least, for any advance which is other than a series of spasmodic hops) 
seems to have brought comfort to some who, a short time ago, were at death- 
grips. This happy cessation of a controversy which, though once big with great 
issues, has of late years been little but a barren academic wrangle, is pure gain to 
economic progress; for it may be taken as a general rule that long-continued 
and acrimonious controversies about scientific method are a sure sign of a loVr 
level of scientific achievement. When men of science and action have important 
woi’k on hand they have no time or use for elaborate polemics and recriminations 
as to the proper tools and apparatus to employ. Not, of course, that the problems 
of method are ever unimportant, but in times of real active advance they occupy a 
secondary place and are naturally and almost unconsciously solved in relation to 
ea(th positive economic question as it arises. It is only at times of low positive 
activity that the question of method assumes an independent position as the 
dominating problem of the day. 

If we were to apply both the historical and analytic methods in combination 
to the elucidation of the controversy between them which is now dying down, 
it would, I think, appear that the supposed opposition between the two schools 
of method, so far from being fundamental, arose largely from circumstances 
which were local and temporary, that the antagonism was for a time both 
necessary and fruitful, but that it has long ceased to have cither of these 
liharacters, and has been a real obstruction to advance. No doubt the pursuit of 
the two branches of rosearc'h will remain to a large extent distinct and in 
separate hands, owing to the natural division of labour according to personal 
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tastes and aptitudes; but the historian and the theorist will each in future h& 
clearly conscious that the work he is doing is only partial and one-sided, and 
cannot be made complete without the assistance of the other. And both will, I hope, 
be conscious to an increasing extent of their common dependence on a third line* 
of resea, rch, at present only in its infancy — namely, the quantitative investigation 
of economic phenomena mainly through the scientific study of statistics. I do 
not know whether statistical investigation has been conceived as forming one or 
more toes of both or either (and, if so, which) of the two now famous feet on 
which political economy is said to rest, but it certainly seems to be an indis- 
pensable adjunct to both. At a very early stage of abstract analysis it is usually 
necessary to give due proportion and precision to our ideas by clothing the dry 
bones with the flesh of concrete facts, and acros.s the flow of economic phenomena 
which history investigates we need to take frequent sections and soundings if we 
desire to measure effects as well as to tra(‘e causes. I have some doubt if the 
economic animal is a biped after all. I do not want to make him a centipede, 
but I think that at least three feet must bo postulated— abstract analysis, his- 
torical (including comparative) investigation, and concrete stati.stical measure- 
ment. 

The reconciliation of the historical and analytic; schools of research does not 
diminish, perhaps it increases, the necessity for perpetual ^•igilHnct; on the part 
of investigators of both types against their peculiar besetting sins. The his- 
torical inquirer, full of his doctrine of relativity, must beware of supposing 
that he justifies an institution when he unfolds it.s origin and shows how it- 
grew naturally out of the conditions and circumstsmi’c.s of its day, or that he 
conclusively condemns its continuance when he .shows that the conditions and 
circumstances of its origin have passed away. On the other hand, the a!ialyti('al 
reasoner needs to be continually on the w’atch to detect in his assumptions which 
appear universally valid the elements which in reality are true only for particular 
times and places. 

The next tendency which I notice in recent economic literature is one which 
can only be welcomed with some qualifications. t refer to the imu'easingly 
technical character of the phraseology and methods employed. Economic and 
statistical .science is in the course of elaborating a highly specialised teclmical 
terminology of its own, so that no careles.s reader may be luisled by an ambiguous 
word or phrase. Since the fundamental tenn.s of economic science are words 
in common use, such as wealth, capital, wages, rent, pri<’es, and the like, each 
of which is used in everyday conversation in half a do/.en different senses, and 
none of which have any claim to scientific prc<*i.sion, it can bo readily understood 
that the greatest of the classical c<’onomists was not always proof again.st the* 
danger of using his terms in different .sen.se.s in different portions of his argument, 
while the pamphleteet successors of the early ecmiomists scai’cely made a serious 
attempt to use terms in a consistent way throughout. 

Hence the great conveniience for the purpose of analytical reasoning of having 
a purely scientific terminology, free from ambiguity ami incapable of Iwing 
confused with the popular wor<is used in the market-place. 

And yet while welcoming the movement which has given us .such terms as 
‘flow,’ ‘national dividend,’ ‘ comsumers’ surplus,’ ‘tjuasi-rent,’ and the like, I 
venture to sound a mild note of warning. All these siHH'ial teu’ma and the* 
technical reasonings into which they enter shouhl be restib-ted ho far as posHibla 
to purely scientific pubficatioms, and even in these their nunuiings should be 
carefully explained and not assmiu'd. I do not .say this wholly or mainly in 
the interests of the popular reader, but quite as much, and perhaps numi\ in the 
interests of science. Political c(;onomy <'annot frotn its nature ever hs* in the 
position, say, of mathematical phy.sicvS, which, though nec(\s.sarily a t‘l<wed book by 
reason of its abstrusenes.s to the vast majority of intelligent |X‘rsons, nevertheless 
commands their complete confidence. No one is ufndd bj trust himself on a bridge 
because he cannot follow the reasonings which have made the engineer.s confident 
in its stability. He accepts the re.sult8 though he cannot follow tin' pro- 
cess. But I do not think that the ordinary man will readily take up this 
attitude towards a science like economics dealing with matters of everyday life 
which he deems himself fully competent to understand and diKcuss. * i f then 
the language of economic science is to him an unknown languitge, he is likely to 
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pass it by as an affair of a clique baving no relation to practical life. This might 
.not perhaps matter much if we could get along without the practical man, but we 
cannot, because we need his criticism at every point. A vast amount of rubbish 
is, of course, said and written annually on economic matters by persons who are 
imperfectly equipped for the task either of discovery, exposition, or criticism; 
but this should not blind us to the fact that a great deal of very valuable economic 
criticism comes, and still more ought to come, from men who are not professional 
economists, and who have no leisure to keep themselves abreast of the newest 
modes of professorial expression. Kow it is of the highest importance that we 
.should do everything to^ encourage and nothing to deprive ourselves of this 
criticism, which is essential in order to keep economic thought sane and sound 
and in touch with realities. On all grounds it would be deplorable if through 
the obscurity of its language economic science should relapse into the position of 
an esoteric doctrine confined to a small circle of initiates, only the bare results 
of which are capable of dogmatic statement to the outside world. Not only is 
the doctrine unlikely to be accepted on these terms, but, being ex hypothesi a 
doctrine elaborated in the closet by experts without contact with the fresh 
breezes of everyday business experience, it is quite certain to suffer in balance 
.and proportion and reality, and in all that gives it value to the world. 

Of course^ the vast bulk of public criticisms and suggestions on technical 
projects or scientific theories are shallow, irrelevant, and futile. But even though 
there be 99 per cent, of chaff, the odd 1 per cent, of grain may well be priceless. 
Now I would say very serieusly that it is of the highest importance to our 
science not to be cut off By any barrier of unintelligible phraseology from the 
advantage of the co-operation, whether by criticism or suggestion, of that great 
body of persons who, while not professional economists, are practical experts in 
one or other of the branches of economic knowledge. 

What I have said with regard to the use of special technical phraseology in 
economic reasonings intended for the eye of the general reader applies of course 
with special force to the use of mathematical symbols and modes of expression. 
I do not think that either by taste or training I am likely to underrate the value 
of mathematical methods in elucidating economic problems. The essentially 
mathematical conception of functions and mutually dependent variables offers 
incomparably the most powerful and appropriate method of expressing the inter- 
relations among such economic phenomena as rent, interest, price, wages, product, 
and capital. Moreover, Ihe apparatus of the infinitesimal calculus affords the 
only satisfactory mode of representing and analysing continuous economic changes. 
Ordinary verbal argument on complicated questions (say) of international values 
or of the ultimate incidence of taxation, can hardly go beyond the analysis of 
certain particular cases of discontinuous changes selected for purposes of 
illustration. 

Nevertheless, I trust that those who recognise with me the value of 
mathematical modes of expression will be extremely careful to restrict mathe- 
matical language to the pages of technical economic journals or the footnotes 
and appendices of more popular treatises, and to re-state all the conclusions 
arrived at by this means, with at least an outline of the arguments which lead 
to them, in ordinary language free from technical symbols. 

The last-mentioned condition is, I think, important, not merely or the reasons 
which I have already given, but for another which applies peculiarly to mathe- 
matical arguments. Before starting our mathematical analysis we are bound, of 
course, to define very precisely the meaning of the quantities which the symbols 
express, and this in itself is very salutary, for it compels us to recognise frankly 
the hypotheses on which our argument will depend. But when the mathematical 
process has once begun we very quickly lose sight of the economic contents of the 
symbols. As the school-girl in the examination said : ‘ Algebraical symbols are 
what you use when you don’t know what you are talking about.’ Now from the 
point when we lose sight of the economic significance of our symbols we lose the 
means of applying the check of common-sense to the intermediate stages of our 
analysis, and we do not recover this power of criticism until the final results 
emerge and are interpreted in ordinary language. Between the points at which 
our economic assumptions are translated into mathematical formulae and our 
ultimate results are re-translated into ordinary language, there is nothing to 
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enable us to take stock of the position and to warn us of the dircciion in which we 
may be drifting. 

Another tendency which I see in ccononiic rescan-h is to attach increasing 
importance to quantitative measurement with the ai<i of the separate though 
auxiliary science of statistics. 

This is a tendency which is wholly welcome and which is likely to become of 
increasing importance in tlie immediate future. Like all salutary movements it 
is, of course, not free from incidental dangers. It is clearly possi])k to lean on 
the third foot of our tripod more heavily than it will hear, and it is not only 
possible but probable that the public demand for quantitiitive information will for 
some time outrun the available means of stipply. Certainly the pressure for more 
and better statistics is increasing very rapidly at the present time, aiid not always 
with due regard to the limitations of what is practieabit?. In order to form a 
sound and sober judgment of the true pos.sibilities of advance along this line it is 
necessary to recognise frankly the chasm w'hich separates the crude and primitive 
means of measurement, or rather of quantitative estimate, which alone are open 
to the economist, from the relatively perfect apparatus and methods which are 
available to the physicist. 

But the more imperfect our data and the more primitive our means of 
enumeration and measurement, the. mor<‘ perfect and complex maals to he our 
scientific apparatus for criticising the re.suits and enabling po.sitivo inferences to 
be drawn therefrom. In other words our dependence on statistical science is pro- 
portionate to the defects of our means of direct and accurate measurement. 

Statistics is often classed %vith economic si-iemai (and, indeed, the two names 
are linked in the title of our Section) as though there were .some es.sential connec- 
tion between the two. But this, of course, is not the ca.se, statistical method.^ 
being used to a greater or les.s extent in all the branches of scimice whi<’h occupy 
the other Sections of the British A.s.soeiation. In fact, it is probably in connection 
wuth biology rather than economics that the mo.Mt injportant original research by 
statistical methods has been recently carried out. 

Quantitative measurement is the backbone of science, and whenever tlie 
quantities handled arc in any way indeterminate or inexact, either in regard to 
their definition or enumeration, wo need the assistance of scientific rules and 
(ii'itcria to enable us to correct, or neglect, or at least to limit the error introduced 
into our results by the faulty nature of the data. The mere direct mca.surement, 
counting, or weighing of quantities is scarcely worthy of being called a .statisticid 
operation : statistical sciem-e properly .so-ealled i.s inainly eoncenied with e.st.ab- 
lishin^ the conditions under which appro.xiraatuly true inferimetes may b<? drawn 
from imperfect data. On thus problem the modern .statistician brings to bear 
the powerful engine of the mathematical theory of probability. 

It is no part of my intention to attempt to dlsemss the"methods of mod<u'n 
statistical science : I only wish to emphasise the close emiiuH-tion between the 
elaboration of these methods and the imperfection of the data to which they are 
applied, 

Now the data of economic statistics are almost all liable to error tdlher through 
defects of definition or extension. Either the only data availubic are not precisely 
of the nature required for the purpose of the particular investigation, so that we 
have to do the best wo can with .second or third la».st matm-ials, or the data 
obtainable only cover a comparatively small portion of tin* total field, and there 
may be formidable questions as to how far the results ba.Hcd on such limited <lata 
are really representative. Sometimes ivo suffer from both these dltliculties, and 
statistical inquiries oscillate habitually between the two dangers a.s lattwcen 
Scylla and Charybdis—the danger on the one hand that over iitsistencc on 
elaborate precision of data may so narrow the field that tiui results obtaim*d from 
the sample may bo unrepresentative of the whole, and the danger on the other 
hand that the ‘common statistics’ which alone cover the whole iiebi are n&m- 
sarily obtained noi only for one but for many divem purposes, and art* tlierefore 
unlikely to^ be entirely appropriate to particular inquiry, Iktwecm th<i.se 
characteristic dangers of the intensive and extensive methods respectively we have 
to steer our difficult course as best we may. 

The peculiar dangers of the intensive method are so obvious as not to need 
special emphasis. Everyone is aware that better results are obtained from a wide 
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than from a narrpw range of observations, and indeed I think that the besetting 
error of the public is to attach too much rather than too little importance to this 
defect. It requires a trained observer to understand how few samples if honestly 
chosen at random suffice to give a good approximation to the truth. 

But one special difficulty which attends the extensive method often receives, 
I think, less attention than is its due. 

Statistical investigations which cover very large masses of returns and are 
repeated periodically so as to admit of historical comparisons must from the 
nature of the case be based on what Sir Robert Giffen used to call ‘common 
statistics.’ The term ‘common’ is not used in any derogatory sense, but in its 
strict meaning, viz. statistics not designed or compiled specially for one particular 
purpose, but destined to serve several purposes in common. The obvious reason 
for this is that human beings are not willing to spend their lives in filling up 
forms of inquiry to suit the needs of every statistical investigator. There being, 
therefore, limits to the amount of statistical data which can be extracted from 
the public, it follows that returns filled up primarily for one purpose have to 
serve several other purposes as well. 

A single example of the multiple use of common statistics will suffice, viz. 
the statistics of foreign trade, • 

Primarily the classification of the foreign trade statistics of every country is 
based on the subdivisions of its Customs tariff, the object being to enable the 
operation of the tariff to be watched. Of course, in the case of the United 
Kingdom, where Customs duties are now confined to a small number of articles, 
the existing tariff classification has but a minor effect on the classification of the 
trade accounts, though even our trade accounts show abundant traces of the 
influence of the ^ tariff subdivisions of bygone days. But in protectionist 
countries the statistics of foreign trade are practically governed by tariff con- 
siderations, and international statisticians are fully aware of the difficulty which 
tariff variations place in the way of the attainment of statistical uniformity among 
the different commercial countries of the world. 

The second purpose the trade accounts have to serve is that of the practical 
trader, who is concerned not at all with the attainment of statistical uniformity, 
but very much with the safeguarding of his own particular trade interests, and 
who therefore wishes for a classification which will furnish him with all the data 
needed for his business, while suppressing all details that will serve the purpose 
of his trade rivals and foreign competitors. 

When we have reconciled the claims of the Customs authorities and the 
practical trader we have to meet the insistent demands and criticisms of persons 
interested in public affairs who wish to learn from the trade accounts what is the 
true economic state of the nation, in comparison either with its foreign rivals 
or with some previous period of its own history. But it is very soon discovered 
that the requirements of these critics, while not always compatible with those of 
the practical trader or the financial authorities, are not consistent among them- 
selves. So far as they wish to make international comparisons they recommend 
modifications which would assimilate our classification to that of foreign 
countries, but so far as they wish to make historical comparisons they deprecate 
any changes of classification that will impair continuity. 

It is not necessary to labour the point further, though illustrations perhaps 
even of a more striking kind might be afforded by the multiple uses to which the 
results of the general census are put. 

Thus those who collect' and compile common statistics have to serve many 
masters— sometimes with the usual result. If every statistical enthusiast had his 
way and the declarations required from traders and citizens were adapted to meet 
the precise requirements of each investigator in turn, the schedule to be filled up 
would be something from which the practical business man would recoil in horror. 
Hence, in practice, we are driven to a rough compromise between divergent and 
conflicting aims, relying on the resources of statistical science to enable us to 
apply the needful qualifications to the necessarily imperfect results. 

So far we have only been dealing with the apparatus and methods of research 
and exposition, and not at all with the objects to which such research should be 
applied, still less with the ultimate ends of economic study and conduct. 

The next tendency we have to note belongs to quite another region of ideas. 
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This is the growing emphasis laid on ends as distinguished from means as 
the subject of economic study. 

There used to be some disposition to question whether the economist was at 
all concerned with ends, whether he had not fully discharged his duty in making 
a correct analysis of the structure of existing economic society and of the forces 
acting upon it ; and it was rather the fashion to suggest that when this analysis 
was completed the economist should depart,^ and leave the pnictical statesman 
to collate his report with those of the moralist and the politician, and to draw 
the necessary inferences as to practical policy from their combined study. 

Such a limitation as this would have been quite foreign to the ideas of the 
early makers of political economy. The mediawal thinkers were frankly con* 
cerned with economic conduct and morals; the mercantilists with the very prac- 
tical question of adapting economic policy to the race ior national power; the 
physiocrats with the freeing of pre-revolution France from the network of 
vexatious and oppressive State restrictions on industry with a view to giving 
free play to the natural expansion of manufacture and ^ commerce. Malthus 
was engaged in combating social utopias, while Adam Smith was concerned, as 
we have been recently reminded in Professor Nicholson’s striking book, with 
every field of political and moral activity, as well as with that region within 
which economic science is usually supposed to be confined. The author of the 
'Wealth of Nations’ would certainly, have been astonished at the suggestion that 
political economy is not concerned with ends. Yet the first step towards at 
least a temporary divorce between the st\idy of economic ends and means was 
taken when Adam Smith enunciated his famous conclusion that ‘all systems, 
either of preference or of restraint . . , being . . . completely taken away, the 
obvious and simple system of natural liberty establishe.s itself of its own aword.’ 

I am not concerned to discuss whether this comdusion was an induction from 
experience or a deduction from moral or theological presuppositions, or how far 
it is to be qualified by many other passages in the same great work. But in 
any case the proposition that the natural forces of human desires and aversions, 
and their mutxial reactions, will naturally and without conscious intention on 
the part of the individual lead to the greatest advantage of sociidy, became 
the starting-point of a school of propagandists of economic truth who too often 
identified the indicative with the imperative mood, and blurred the distinction 
between scientific generalisations and moral precepts of conduct. 

To those who adopted this view of the Economic Harmonies in its extreme 
form the question whether political economy i.s concerned with ends as distinct 
from means became a relatively unimportant question, and fell naturally into 
the background. 

The maximising of production (or, as we should now say, of the national 
dividend) is the only end that these economists could be saiil to proptuind, the 
distribution of the resultant wealth lieing automatically determined liy the 
beneficent action of the ‘system of natural liberty,’ Bocmer or later the current 
utilitarian philosophy, with its principle of ‘greatest hafipiness,’ was bound to 
come into conflict with this ideal, for the policy of maximising .satisfaction is 
clearly not identical with that of maximising production. The enunciation of 
‘ maximum satisfaction ’ as an end necessarily raised—though it caul<l not solve— 
the question of distribution of wealth among different social clas.s<*s. In regard 
to this matter it shook confidence in the shallow dogmatism of the propagandist 
economists, but it substituted no definite alternative commanding general assent, 
and accordingly the immediate practical lesult on economic tlumght was not 
to 'inspire it with a new creed, but to deprive it of all creed, and to replace the 
art of political economy by the conception of an economic science eom'erned 
solely with the ascertainment of the results which flow from certain hypothetical 
assumptions, and not at all with guiding mankind towards a do.sirabIe goal. 

Such a view could hardly hold permanent sway, though it was a great 
advance on the dogmatic and insolent optimism which it displac^ed, and immlnally 
at least it dominated English economic thought from the middle of the nine- 
teenth century almost to the present day. This domination ha.s, however, been 
more nominal than real. The limitation was from the first. subje<'ted to vigorou.H 
criticism, and at bottom the critics were right, for however (‘are fully we may 
expel the idea of ends from our reasoning, current ideals and t‘ven *pre j udice.** 
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are certain to affect our choice of hypotheses. As a fact, all the latter-day 
■economists have by one expedient or another escaped from their own theoretic 
limitation. To take a single example, it has become a recognised axiom of 
economic reasoning that the diminution of poverty is a proper object of economic 
effort. Of course, the pure utilitarian would have nothing to do with distinc- 
tions of quality in happiness — distinctions which are fatal to the simplicity of 
his nmgic formula— and the utilitarian school of economists attempted no direct 
discrimination in their measm’ements of utility and value between the qualities 
which render an article an object of desire. The fact that a thing is 
desired proved its right to be called ‘useful’ within the meaning of their 
theory, and it must be admitted that no coherent objective theory of value could 
be built up on any other basis. Nevertheless, it is no new discovery that things 
of equal value to the individuals who possess them at a given moment may con- 
duce in very different degrees to the ultimate national advantage. The old 
distinction between productive and unproductive expenditure, and Adam Smith’s 
difficult argunient as to the relative advantages of near and distant trade, are 
•examples of distinctions of this kind ■which were present to the minds even of 
the economists who were most dominated by the theory of natural liberty. 

The great and growing importance attached by the best modern economists 
to the element of time, and die consequential recognition of the importance of 
ultimate as distinct from immediate effects, tend ^ro tanto to discriminate 
between different qualities of satisfaction, and to give increased weight to those 
kinds which tend to the building up and husbanding of the permanent economic 
interests of the Commonwealth, as compared with the transitory satisfactions 
which perish in their own gratification— in short, between the nobler and 
ignobler forms of utility. 

I think it is a matter which needs the careful consideration of economists at 
the present day, whether the time has not come when they should accept fully 
and frankly the task, from^ which in any case they cannot entirely escape, of 
distinguishing between noble and ignoble ends of economic conduct, and should 
regard all their methods of research— historical, analytical, comparative, and 
statistical— -as only means to this end. 

On the present occasion I cannot do more than illustrate my meaning by a 
single important example. 

The recognition that the purposes and modes of consumption of commodities 
have to be taken into account, as well as the mere amount of the satisfaction 
yielded by them to their consumers, brings with it the necessity for recognising 
the distribution of income in respect of time, no less than in respect of class, as 
an essential factor in the national well-being. 

Thus, for example, a regular income of 21. a week may have a very difierent 
economic significance from an income amounting in the aggregate to 104?. in the 
year, but receivable dn irregular and unequal instalments. Still more widely 
does it differ economically from the chance of a variable annual income 
averaging 104?. one year with another. 

Now one of the most significant and important economic tendencies of the 
present day is the growing recognition of the importance of security and regu- 
larity in all operations of industry and commerce. It is, of course, a trite 
commonplace that the foundation of commerce is security— that _ safety of person 
and property and security for the performance of legal obligations are essential 
conditions of all industrial and commercial development. But it is not of 
these elementary guarantees that I am speaking, but of the tendency which I 
see to attach ever greater importance to the certainty and regularity of sequence 
as distinguished from the mere aggregate volume of business transactions. 
This tendency is reflected in the enormous development of the method of insur- 
ancje as a protection against risk. 

Nor is this development confined to business transactions properly so-called. 
A numlier of the risks and contingencies of human life which cause 
irregularity and uncertainty in working-class incomes have been brought 
within the sphere of insurance, whether by voluntary institutions or, as in 
Germany, by a State system of organisation. And the question of the perfec- 
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tion and further development of the methods of social insurance is absorbiiio- 
a large amount of the best thought of the day. ^ 

All this points to the growing importance attached by social observers to 
stability and regularity, and the grounds for this attitude are sufficiently obvious, 
whether we look at the matter from the point of view of the economy of the work- 
man’s hotisehold, or of the deteriorating effects of irregular habits on physique 
and character. It may perhaps be suggested that the growing social concern for 
the maintenance of stability is the counterpart of the growing conviction that 
with the world-wide development of industry the causes of fluctuations and 
irregularity are becoming continually more incalculable and their effects more 
unavoidable by unaided "individual effort. 

Is this tendency to exalt security as an end a healthy tendency, or ought 
it to fill us with apprehension ? 

The ideal of security may not at first sight scein a very heroic aim to put 
before a country whose economic traditions form a veritable romance of adventure 
full of the joy of risks encountered and dangers over(*omc. Some may think with 
misgiving that the conscious pursuit of a policy of safety implies that we hjive 
passed the stage of economic youth and expansion and are entering on the dusk 
of old age. They may feel as when at Bomo \ve contemplate Aurelian’s great 
wall which for centuries withstood the inroads of barbarians, but the building of 
which none the less marked the definite close of the period of the fearless and 
aggressive supremacy of Borne. Are the nation.s of Europe being invited to enter 
with the old gods into the fortress of Valhalla, there to await in well-planned 
security but in growing gloom their inevitable decline? The question is cogent 
and searching, and modern nations must find the true answer at their jxmil, for if 
the two ideals of free adventure and oconoinic security admit of no reconciliation, 
then tho fate of our civili.sation is only a matter of time. 

But fortunately it is not necessary to admit the essential opposition of these 
two ideals rightly conceived. For as it seems to me there is a noble as well as an 
ignoble ideal of adventure, and, c(;rresponding thereto, thewi is a noble as well as 
an ignoble ideal of security, and the great problem that lies before us in the future 
is to distinguish rightly between them and to direct our national policy 
accordingly. 

The first step towards making this distinction is to recognise that ignoble as 
well as noble results are produced by exposure to risks. If fearless la^solution and 
foresight in encountering and combating danger and risk produced the race of 
Elizabethan mariners and explorers, and to-day gives us a Shackleton or a 
Sven Hedin, we know also the craven ami panic-atricken population which lives 
on the slopes of a voh’ano, exposed every day to incalculable risks against which 
no precautions can avail. 

it is, I think, a definite induction from history and ob-servation that wlien risk 
falls outside certain limits as regards magnitude and calculability, when in .short 
it becomes what I may call a gambler’s ri.sk, exposure thereto not only cea.se.s to 
act as a bracung tonic, but produces evil effcct.s of a very .serious kind. 

It is to the general intere.st, and it tends to the htiilding up and strengthening 
of the national chara<.‘ter, that everyone .should have as strong a motive as possible 
to guard against risks which can be avoided by reasonable precautions on the part 
of the individual, and it is also to the general interest that within certain limits 
the individual should have .sufficient resiatinc power and reserve strength to 
encounter without the support of his f€llow,s the ordinary minor ujes and downs 
of life which it is not within his power to avoid. What these limits are cannot 
be laid down dogmatically : they vary widely from nation to nation, from class to 
class, and from age to age. Vicis.situdes which mean famint? to the savage pa.s.s 
quite unnoticed in advanced industrial communities, and classe.s who are accus- 
tomed to yearly salaries are unconcerned with fluctuations which bring privation 
to the weekly wage earner. But within any given nation and das.sdhc lintits 
proba.bly change but slowly, and though different schools of .social ubsorver.s will 
certainly fix the limits at somewhat different points, atid there is no doubt a 
neutral zone within which the relative pubH(‘ advantages and disadvantages of 
exposure to risk are fairly equally balanced, or at least may bo open to li»gitimate 
debate, I am disposed to think that the majority of fair-minded men would not 
differ very widely in the principles governing the demarcation between the 
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of individual and of social protection against economic risk. To take, for example, 
the risks of unemployment, I think most people would agree that the personal risk 
of losing employment through bad work, irregular attendance, or drunken habits 
is one which it is absolutely necessary in the public interest to leave attached in all 
its force to the individual workman. Eor the community to guarantee employment 
to all irrespective of personal effort or efficiency would necessarily impair the 
national character and lower the national standard. This is, therefore, a risk 
the direct incidence of which must be borne by the individual, the action of the 
community being ^ confined to such indirect measures as may strengthen the 
power of the individual to meet the risk, as, for example, by technical and 
general training. 

On the other hand I think that most people would agree that in a country 
like the United Kingdom at the present time, the incalculable risk of a prolonged 
depression of trade, due perhaps to some financial catastrophe thousands of miles 
g,way, is one the exposure to which of the individual workman does little but 
harm. ^ Such a risk is too much beyond his powers of foresight, and also too 
great m magnitude in proportion to his reasonable opportunities of making 
provision, to _ exercise any appreciable effect in stimulating self-help, 
while the liability to see all his savings swept away in a few weeks by 
cyclical _ fluctuations in employment which he can do nothing to avoid is a 
demoralising risk acting on^his character precisely like the liability to earthquake 
or other cataclysm, and discouraging to a marked extent the accumulation of 
savings and the development and maintenance of habits of providence. 

Between these two extremes, the risk due to personal inefficiency and that 
resulting from a world-wide depression of trade, lie intermediate classes of risks 
about which there might be more difference of opinion, and the incidence of 
which probably acts on national character in very different ways in countries 
at different stages of development. 

I propose presently to examine more closely some of these classes of risks. 
At the moment, however, I am only concerned to illustrate my general proposition 
that neither free adventure nor economic security suffices singly as an ideal of 
economic conduct without careful discrimination, and that the criterion for such 
discrimination is the effect of exposure to each class of risk in building up or 
degrading the national character. 

In suggesting that the attention of economists is being directed and will con- 
tinue to be directed in an increasing degree to the ends of economic conduct as 
distinct from a mere analysis and description of existing conditions, I have taken 
a single example, the pursuit of economic security as an objective, and have 
drawn a vital distinction between the classes of economic risks exposure to which 
tends to the building up or to the degradation of the national character. And as 
regards these risks I have taken a single illustration, that of unemployment, partly 
because the evils resulting therefrom have been very much in our thoughts during, 
the last few years, partly because their analysis affords good illustrations of 
almost every class of economic risk. 

I might go on to take other examples, but I think that it may perhaps serve a 
more useful purpose if during the time that remains to me I fojlow up in further 
detail the particular illustration which I have chosen, and inquire specifically how 
far the risks of unemployment are risks which it is expedient in the. 
public interest that each individual should be left to meet unaided, or how far 
they are from the social point of view * insurable risks ’ which can properly be 
met by combined action. 

We shall find that the reply to the proposition is by no means a simple one, that 
it will differ to a large extent for different trades, and that probably it will also 
differ widely for different countries. 

At the outset it is to be noted that I use the term ‘insurable risk’ for the 
purpose of this inquiry in a much narrower sense than that which it bears in 
the ordinary language of the insurance world. Broadly speaking, if the term be 
used in its widest sense there are no risks that are not insurable except those which 
are the result of the direct wilful act of the insured person. Thus you can insure 
against fire but not arson, against death but not suicide. And even with regard to 
acts which are voluntary the modern tendency is to take a very broad view, and 
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to narrow the claKSses of cases excluded. Thus most life assurance companies will 
pay on death, even if due to suicide, provided that the policy was taken out 
sufficiently long before 'the death to make it fairly certain that suicide was not in 
contemplation at the time. 

As I am now using the term ‘ insurable,* however, 1 mean not merely a risk 
in respect of which you could get some company or underwriter to quote you a 
premium, but a risk for which some sort of social insurance is a practicable and 
appropriate remedy— bearing in mind the critical distinction already drawn 
between different classes of risks. 

Moreover, by ‘ insurable risk * 1 do not mean risk which can be fully 
covered by insurance, but one the consequences of which may be mitigated by a 
payment which nevertheless falls far short of complete indemnify. It hardly 
needs demonstration that full indemnity against the risks of unemployment 
could not be offered without disastrous results, inasiniKfh as a large section of 
persons regard idleness as in itself more attractive than work. The universal 
practice of organisations, voluntary or public, which insure against sickness, 
accident, or unemployment, is to make the benefit payable luuch less than 
the full rate of wages, and in all that follows thi.s condition is assumed. 

For the purpose of the present inquiry the causes of uncmfjloyment group 
themselves naturally under three heads— periodu! jlnctiiafions, local and industrial 
displacements, and personal causes. 

Of these I have already toxiched on the first group in discussing cyclical and 
seasonal fluctuations of employment. Seasonal changes are, of course, the direct 
result of cosmical causes, and whether or not cyclical lliu*tuati(jns are ultimately 
psychological or (as Jevons thought) cosmical phenomena, there can be no doubt 
that for our present purpose we may I’egard them as ultimate facts beyond 
the control of the individual. These two elements in unemployment are pre- 
eminently insurable elements, sint'e, being due to recurrent o.scillations and not to 
progressive changes, they can only be met by some method, either individual or 
collective, of spreading the earnings of good periods over good and bad alike, 
and not by any remedy which aims at altering the permanent relation between the 
demand for labour and the supply. Moreover, of the two alt(*rnative methods, 
collective insurance is more appropriate for the purpose than individuel providence, 
because while the oscillations are fairly well dofmed, their intensity and (in the 
case of cyclical fluctuations) their wave length are affected by matiy tmeertain 
elements, climatic, financial, industrial, and politidil, which are incapiibie of 
exact prediction, and (what is even more important) the personal incidence of 
the unemployment due to the oscillations is uncertain. 

The next group of causes includes changes in industrial processes or methods 
or in the local distribution of industrie-s, or in the ('iiaractcr of iiulustrial demand. 
How far are these classes of risks properly in.surable? 

As regards local distribution, the answer dtqxmds on the scope of 
the insurance scheme. No purely lo(!al fund can, of course, compensate a 
workman for the shifting of his industry to other districts, without incurring 
ruinous expense besides impairing the mobility of labour. If, however, the 
insurance ^scheme be national in scope and l)e worked in conjonciioti with 
systelnatic machinery for notifying to the workman the existence of vacancies 
in other districts, the risk of unemployment due to local displacement i.s clearly 
an ‘insurable’ risk. As no national scheme could embrace a wider area than the 
United Kingdom, the above argument doe.s not apply with its full force to the 
risk of displacement of industry bj^r foreign competition, and this case needs 
separate treatment. It is undoubtedly a risk beyond the imlividiml’s control, 
and it has, therefore, one of the essential marks of an insurable risk j and if the 
scheme embrace a large group of trades of sufficient variety to insure each other 
against the risk of some particular branch being attacked by foreign comfudiiion, 
there is no reason why this class of risk should throw an excessive burden on a 
national fund. The only question to be considered is, therefore, whether the in- 
surance of British workmen in an industry liable to be transferred by competition 
to a foreign country will operate prejudicially by checking industrifri mobility, 
there being obviously not the same opportunity for the workman to follow the 
work as in the case of local redistribution of industry within the limits of the 
insuring country. 
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In this respect the case we are now considering is on ail fours with that of a 
trade decaying through a permanent change of industrial demand, or an alteration 
of industrial processes. If there is appreciable mobility of labour between the 
decaying trade and other healthy branches embraced within the scope of the 
insurance scheme, and if its magnitude is small as compared with the total area 
of industry covered by the scheme, then the risk is fairly insurable. If, however, 
these conditions are not fulfilled, the case of the permanently decaying trade may 
present a real though by no means insuperable difficulty which will have to be 
carefully borne in mind by those responsible for devising and working any 
unemployment insurance scheme. ** 

The conclusion seems to be that the extent to which the risk of unemployment 
due to industrial and local displacement is properly insurable depends partly on a 
wise choice being made of the group of trades and of the geographical area to be 
embraced by the scheme, partly on the judicious limitation of the benefits 
payable thereunder. Our analysis points to the necessity of a large area, 
both geographical and industrial, and further suggests that the groups of trades- 
included should be such as are unlikely as a whole to undergo wholesale and rapid 
displacement, and within which any decay to be apprehended is likely to be only 
local and partial and not on a scale too great to be compensated by the expansion. 
oi other branches of trade within the insured group. 

There remain the risks due to personal causes. Of these we have already 
ruled out the risks due to the wilful act of the workman, and to these we 
must now add the personal risk attributable to exceptional deficiencies, physical, 
mental, or moral. These are not properly trade risks, the burden of which ought 
to fall in a special degree on those following a particular industry, and if they 
were allowed to do so they would ruin any scheme of insurance based on the trade 
group. There is still, however, one important class of personal risk to which all. 
are liable, and which is in the main beyond the control of the individual, viz. the 
increasing liability to unemployment due to advancing years. I do not intend to 
trench on the important but quite separate problems of national provision for old 
age and invalidity as such. I am solely referring to the ascertained statistical 
fact that the chance of unemployment is a. function of age, and that beyond a. 
certain age the risk is materially increased. For example, among a body of nearly 
eight thousand engineers whose industrial records were analysed for the purpose, I 
found that whereas the average number of working days lost in the year by the 
v/hole body was fifteen, fhat for members below the age of forty-five was less, 
than twelve, while for members between the ages of forty-five and fifty-five 
it was twenty, and for members between fifty-five and sixty-five, thirty-three. 
(Above sixty-five the figures are affected by superannuation.) The question 
we have to ask is, how far this class of risk is insurable? 

The answer depends again on the scope of the scheme. A voluntary scheme 
which workmen are free to join and leave at their pleasure cannot deal satis- 
factorily with a risk of this kind, especially as no scheme of graduating con- 
tributions according to age is likely to be administratively feasible. Trade unions 
which give unemployment benefit are in an exceptional position, because they exist 
primarily for trade protection purposes, and hence have a hold on their members • 
which uo voluntary insurance scheme pure and simple could possess. Generally 
speaking, personal unemployment due to advancing years is insurable, and only 
insurable, under a scheme which applies compulsorily throughout the whole period 
of the workman’s indu.strial life. 

It result.s from our analysis that some of the risks of unemployment are 
properly insurable and others are not, and the next step is to ascertain broadly 
the relative importance of the insurable and non-insurable elements. Now an 
examination of the available statistics indicates clearly that at all events as 
regards certain large groups of trades in which unemployment is acute — 
namely, the building, engineering, and shipbuilding trades— the insurable 
element in the risk of unemployment predominates largely over the non- 
insurable element. 

The method of statistical proof of this proposition may be indicated as 
follows : — 

1. The percentage of unemployment in these trades—taking an average of 
good and bad years together— has not varied very widely during the period of' 
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jafty years during which the statistics have been collected (the average for the 
first decade of the period was 5*6; for the second, -F5; for the third, 6*8; for 
the fourth, 5-2 j and for the fifth, 7*2. The average for the whole period was 
5*9). As the period of oscillation is not exactly ten years, part even of the 
differences shown above is accounted for by the presence of an excessive proper- 
tion of good or bad years in particular decades. Thus we may fairly say that 
the element of unempIo.ynient due to progressive expansion or contraction of the 
demand for labour has been relatively small. 

2, The percentSige of hmemploynient found during the seven best years of the 
cycles has averaged 2'4, and only in two out of these seven years has* it diverged 
fiy more than unity from this average, 

3. The variation between the worst and the be.st years of the various cycles 
has averaged 8*5 per cent.— i.c., more than three times the average percentage of 
unemployment in good years. 

Now, broadly speaking, if we neglect any progressive changes in the total 
demand for labour, which are evidently slight as compared with the intensity of 
the periodic fluctuations in that demand, we may say that the percentage who 
are unemployed in years of good employment gives a muxinium limit which the 
voluntary or non-insurable risk cannot exceed, since it also includes a number of 
minor accidental risks which are properly insurable— c.f/., the risk of unemploy- 
ment through a fire or other accidental stoppage of work, or through defects in the 
local distribution of work and labour. Moi'cover, through the method of averag- 
ing employment over the year, the risk of seasonal want of employment is 
included, and this is mainly an insurable risk. 

We may further regard the difference l)etwoen uneinployrnent' in a good and 
bad year as giving a minimum measure of the insurable element in unemploy- 
ment, since this difference is wholly the result of changes in the demand for 
labour, and is independent alike of the choice of the individual and of the 
gradual progressive changes, if any, that affect the tol.'il field of employment. 
Hence, as this difference is much greater than the minimum percentage in a good 
year, we may regard our proposition as being proved. 

But at this point it is necessary to forestall and reply to an obj(‘ction that will 
certainly be taken to the proposition just laid down. It will Iw pointed otut 
that the experience of all relief works and of all schemes for the relief of distress 
due to unemployment establishes dearly that the great majority of the unem- 
ployed, or at least those who seek relief from (listress, are very markedly 
inferior both as regards their industrial capacity and their physical and moral 
•qualifications to the average employed workmen in the same trades. It is 
possible in a large number— probably in the majority— of these cases to trace 
clearly the operation of the personal defects which Iiave (fontributed to 
unemployment— bad time-keeping, drink, slovenly work, and so forth— and 
those who are most familiar with the personal side of the problem are, I think, 
likely to put the personal or non-insurable element in the risk of umunployment 
very much higher than I have done in relation to the involuntary insurable 
•element. 

But in this criticism, there is, I think, confusion of thought. Of course, if 
fifty men out of every thousand are out of work, those fifty individuals arc likely 
to be less eligible than any, other fifty taken at random. We miglit, if so 
disposed, construct a geometrical curve like tho.se used in expotmdiiig the doc- 
trines of utility and rent, in which the nimil)er of workmen employed is ex- 
pressed by abscissae and the degrees of efficiency by ordinates. Then it will 
appear at a glance that in a time of good trade the efficiency uf the ‘ marginal ’ 
labourer— that is, of the worst man who just manages to retain his employment— 
is necessarily less than when the total demand for labour has shrunk from any 
cause. In the latter case the workmen discharged will for the most part the 
less eligible section; and this state of things is quite independent tif the true 
cause of the shrinkage in the demand for labour, so that wiiile the person^ 
defects of A may be the decisive reason why lie is selected for unemployment 
instead of B, it does not follow that these defects are a principal or even a 
contributory cause of his unemployment. 

It is a very complex and difficult question, only to be determimvl in any given 
case with full regard to all the circumstances, to what degree the increase or 
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decrease of the personal efficiency of the labourer conduces to an dncreasd or 
decrease in the total demand for labour, or to what degree it merely enables him to 
shift the burden of unemployment on to someone else. Broadly speaking, there is 
no doubt that the total demand for labour is to a material extent dependent on its 
average efficiency. For example, a quite new demand for labour would be created 
if it were possible to level up all the feeble-minded and the physically and morally 
defective members of the community to the normal level. The abnormal defects 
of these persons (the true unemployables) are the vera causa of their unemploy- 
ment, which does not in the main result from any deficiency in industrial 
demand, but from the fact that their services are so worthless relatively to that 
of the normal workman, that to all intents and purposes they may be regarded as 
an industrially useless surplus. Their unemployment is, therefore, emphatically 
not an ‘insurable risk,’ and they would need to be excluded from the scope of 
any scheme of insurance as rigorously as exceptionally bad lives are excluded from 
life and sickness insurance. 

But if we put aside the comparatively small section of abnormals, there 
k ground for asserting that at all events within the great groups of trades to 
which I have already referred the influence of variations in efficiency among 
ordinary normal workmen on the total demand for labour at any given time, 
though by no means negligible, is not nearly so powerful as that of variations in 
industrial conditions which are beyond the control of the individual workman. 

If, then, the insurable elements in unemployment in these trades largely 
predominate over the uninsurable elements, it would be comparatively simple to 
devise an appropriate scheme for dealing with the evil, if every separate case 
of unemployment could be readily assigned to its appropriate category, so that 
the benefits of the scheme should be exclusively available in the case of un- 
employment falling within the insurable category, just as a policy of marine 
insurance excludes in terms losses due to a number of specified causes. But in 
actual practice I need hardly say that any such separation of causes can only be 
made to a very limited extent. In the real world of industry the various 
elements that contribute to unemployment are inextricably intermixed. We can 
imagine the case of a carpenter who with equal truth might ascribe his unem- 
ployment to the competition of structural steel, to the general trade depression, 
to the severity of the winter, to local overbuilding, or to the defects in his own 
training. 

There are a few, but only a few, of the causes of unemployment which can 
be definitely distinguished and excluded in terms from the benefit of an insurance 
scheme, such, for example, as holidays, strikes and lock-outs, voluntary leaving 
of a situation, sickness, and crime. If, then, it is necessary, as it certainly is 
for the success of a scheme, that it should discriminate against unemployment 
due either to exceptional defects or to causes within the control of the individual, 
this discrimination must be effected automatically in the course of the working 
of the scheme itself rather than by any rule professing to exclude ineligible cases 
from its scope. 

The crucial question from a practical point of view is, therefore, whether it 
is possible to devise a scheme of insurance which, while nominally covering un- 
employment due to all causes other than those which can be definitely excluded, 
shall automatically discriminate as between the classes of unemployment for 
which insurance is or is not an appropriate remedy. 

We ('an advance a step towards answering this crucial question by enumerating 
.some of the essential characteristics of any unemployment insurance scheme 
which seem to follow directly or by necessary implication from' the conditions of 
the problem as here laid down. 

1 . The scheme must be compulsory ; otherwise the bad personal risks against 
which we must always be on our guard would be certain to predominate. 

2. The scheme must be contributory, for only by exacting rigorously as a 
necessary qualification for benefit that a sufficient number of weeks’ pontribution 
shall have been paid by each recipient can we possibly hope to put limits on the 
exceptionally bad risks. 

3. With the same object in view there must be a maximum limit to the 
amount of benefit which can be drawn, both absolutely and in relation to the 
amount of contribution paid ; or, in other words, we must in some way or other 
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socxB’e that the number of weeks for which a workman contriiiutes should bear 
some relation to his claim upon the fund. Armed with this double weapon of 
a maximum limit to benefit and of a minimum contribution, the operation of the 
scheme itself will automatically exclude the loafer. 

4. The scheme must avoid encouraging unemployment, and for this purpose 
it is essential that the rate of micmployment benefit payable shall l>e relatively 
low. It would be fatal to any scheme to offer compensation for unemployment 
at a rate approximating to that of ordinary wages. 

•S. For the same reason it is essential to enlist the interest of all those 
engaged in the insured trades, whether as employers or as workmen, in reducing 
unemployment, by associating them with the scheme both as regards contribution 
and management. 

6. As it appears on examination that some trade.s are more suitable to be 
dealt with by insurance than others, either because the unemployment in these 
trades contains a large insurable element, or because it takes the form of total 
discharge rather than short time, or for other reasons, it follows that, for the 
scheme to have the liest chance of success, it .should be based upon the trade 
group, and should at the outset be partial in operation. 

7. The group of trades to which the scheme is to be^ applied must, however,, 
bo a large one, and must extend throughout the fnited Kingdom, as it is. 
essential that indu.strial mobility as between occupation.s and districts should 
not be unduly checked. 

8. A State subvention and guarantee will W necessary, in addition to contri- 
butions from the trades affected, in order to give the nei'essary stability and 
security, and also in order to jmstify the amount of State control that will be 
necessary. 

9. The scheme must aim at encouraging the regular employer and workman, 
and discriminating against cavsual engagements. Otherwise it will be subject to 
the criticism of placing an undue burden on the regular for the benefit of the 
irregular meml)ers of the trade. 

1(1. The scheme must not act as a discouragement to voluntary provision for' 
unemployment, and for that purpose some well-devi.sed plan of co*o|K!ration is 
essential between the Btate organisation and the voluntary associations which at 
present provide unemployment benefit for their inemlwrs. 

Our analysis, therefore, leads us step by step to the contemplation of a 
national contributory scheme of in.suraiu'(>! universal in its o}HU*ation within the* 
limits of a large group of trades—a group so far as possible s«df -contained and 
carefully selected as favourable for the experiment, the fund.s being derived 
from compulsory contributions from all those engaged in these trades, with a 
subsidy and guarantee from the State, and the rules relating to benefit Iwing so 
devised as to discriminate effectively against unemployment which is mainly due 
to personal defects, while giving a substantial allowance to those whose unem- 
ployment results from industrial causes beyond the control of the individual 

Is such a scheme practicable? 

This is a question partly actuarial, partly administrative, and partly political 
and it is, of course, quite impossible to discuss it adequately on an occasion such 
as this. 

I may, however, say that so far as can be judged from such data as exist (and 
those data are admittedly imperfect and rest on a somewhat narrow basis), a 
scheme framed on the lines I have indicated is aciuarially possible, at least for 
such a group of trades as building, engineering, and shipbuilding- thai is to say, 
a reasonable scale of contributions will yield benefits .sulistantiai in amount and 
of sufficient, duration to cover the bulk of the unemployment ordinarily met with 
in these trades. 

The administrative cfifficultieH of such a sdenm are, of course, great, 
but none of these difficulties is, I think, insuperable if there bo a general <ie,sire 
that the experiment should he made. Certainly the e.'cirerienco of the few foreign 
schemes which have broken down creates- no pre.suinption against success, for the 
Mures have been quite clearly attributable to caii.se.s which would not operate 
in the case of a national scheme such as is now under dismission, esjiecially if 
it were worked, as it naturally would lie, in dose connection witli the new Labour 
Exchanges. 
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Perhaps the most difficult administrative problem would be the adjustment 
of the scheme, so that while its benefits are not confined to workmen for whom 
provision is made by voluntary associations, it would yet operate so as to 
encourage the work of these associations, and not bo undermine and destroy them, 
either by competition or detailed control. The problem, however, though difficult, 
is one for which a solution can assuredly be found if it be the general desire that 
a scheme shall be brought into operation. 

The remaining question is one of high policy. What importance do we ^ a 
nation attach to the policy of promoting industrial security by collective action? 
And what sacrifices are those interested prepared to make for such an object, and, 
in particular, to minimise the irregularity of working-class incomes so far as 
affected by irregular demand for labour ? The final answer will depend not only 
on the general view taken of the relations of the individual and the State, and 
of the scope and limits of political action, but also on the relative weight attached 
to this particular object as compared with other objects which also have claims 
on public funds and energy. 
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[British Railways: Some Facts and a Few ProUems. 

It is remarkable how few among us really realise the large part that railways 
play in our national life. How many of us realise that the capital invested in 
the railway companies of the United Kingdom is nearly twice the amount of the 
national debt; that the gross income of the railway companies is within measurable 
distance of the national income ; that to produce this income every inhabitant of 
the British Islands would have to pay annually 3L per head ; that they employ 



over six hundred thousand people; and that about aght million tons of coai axe 
burnt annually in the fire-boxes of their locomotives ? I hope to place before you 
in the short time which can be devoted to a presidential address a few facts 
“onceming this great asset of our national Ue and some problems connected 
with the recent developments of railway workmg-problenis brought into exist- 
ence by the steady progress of scientific discovery and the endeavour to apply the 
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116 W discoveries to improve tlie service and to iiici'ease the comfort of the travel- 

lin^puBlm. interesting information is to be found in the Railway Returns 

issued by the Board of Trade. I have plotted some of the figures given, in order 
to show generally the progress which has been made through the years, and at 
the same time to exhibit the rates of change of various quantities in comparison 
with one another. 

Consider in the first place, what the railways have cost the nation. This is 
represented financially at any instant by the paid-up capital of the companies. 
The total paid-up capital in 1850 was 240 millions sterling. In 1W8 this amount 
had increased to' 1,310 millions. The curve marked ‘ Total ^ in fig. 1 shows the 
total paid-up capital plotted against the year. It will be noticed that the 
increase per annum is remarkably regular up in about IHO0 and i.s- at the rate of 
not quite 100 millions per annum, Afkn* this date the capital increases at a 
somewhat greater rate, but in 1900 the rate drops with a tendency to a gradually 
decreasing value. Part of the increase immediately after 1R9G is, however, due 
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Fig. 2. 

to nominal additions to the c-apital. The extent to which thi.H |>i*oees.s of watering 
the stock has been carried is indicated over the iieriod 1H98 to 1908 by the 
curve A B. In the year 1908 the nominal nddition.s to capital ammmted to 
196 millions of pounds. 

Curves are also plotted showing tho amounts of the different kinds of stoch 
making up the total. It will be noticed that the ordinary attn-k In a little over 
one-third of the total paid-up capital in 1908— vi«,, 38 cent. Tn 1870 it was 
about 43 per cent. 

The lower curve on the diagram shows the gross rocenpts, whirit amounted to 
120 millions of pounds in 1908. The dotted line indic'ates the net revenue after 
deducting from the total receipts the working expenditure. Tln.s, for 1908, was 
43^ millions, corresponding to 3'32 per cent, of the total paid-up capital If the 
net receipts are reckoned as a peramtage of the paid-up <’apital after deducting 
the nominal additions the return is increitsed to 3'9 p<jr ctmt. Those figures 
practically represent the average dividend reckoned in tho two ways for the year 
1908. # 
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Fig. 2 shows by the upper curve the number of miles open for traffic plotted 
against the year. This curve indicates great activity of construction during the 
period 1850 to 1870, with a regular but gradually decreasing addition of mileage 
from year to year afterwards. 

At the end of 1908 there were 23,205 miles open, corresponding to 53,669 miles 
of single track, including sidings. Of this, 85 per cent, was standard 4 feet 
8'^ inches gauge, 12-3 per cent. 5 feet 3 inches, and 2*2 per cent. 3 feet gauge. 
The remainder wa^ made up of small mileages of 1 foot 11^ inches, 2 feet 

3 inches, 2 feet 4 inches, 2 feet 4^ inches, 2 feet, 2 feet 9 inches, 4 feet, and 

4 feet 6 inches gauges. 

The two lower lines of the diagram show respectively the number of passengers 
carried and the tons of goods carried from year to year. 

The curves of mileage, passengers carried, and goods carried increase regularly 
with the increase of capital, indicating that up to the present time the possibility 
of remunerative return on capital invested in railway enterprise in this country 
is not exhausted. It is true that there is a maximum of goods carried in the year 
1907 ; but the sudden drop in the curve between the years 1907 and 1908 suggests 



that the drop is only of a temporary character, and there is every reason to believe 
that the curve will resume its upward tendency with time. In 1908 the railways 
of the United Kingdom carried 1,278 miUions of passengers, exclusive of season- 
ticket holders, and 491 million tons of goods; the quantity of goods CM‘3?ied m 
1907 was nearly 515 millions of tons. It is curious that very approximately the 
companies carry per annum one passenger and about 0‘4 ton of goods for every 
pound sterling of paid-up capital. . , , . . ^ . . . 

The proportion of the gross receipts absorbed in carrying out this service is 
shown by the upper curve of fig. 3. The proportion has increased, on the whole 
regularly, from 47 per cent, in 1860 to 64 per cent, in 1908. 

The lower curve shows the net receipts as a percentage of the paid-up capital. 
From 1899 onwards the curve ab shows the net receipts reckoned on the paid-up 
capital exclusive of the nominal additions. It will be observed thaj the net 
receipts have not declined more than half a per cent, since 1870, notwithstanding 
the increase in working expenditure. , ^ i i a • 

Fig. 4 indicates the cost of working the traffic calculated in terms of the train- 
mile no data lieing available regarding the actual work done as represented by 
^ G 2 
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the ton*miIe or the passengez*-mile. In some respects the train-mile is the fairest 
way of comparing costs, because when a train is running, whether it is full or 
empty, the same service must be performed by the majority of the departments. 
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The curves bring out clearly that the proportion of the total expenditure per 
train-mile absorbed by these ' several servicc-s remains fairly constant over a 
series of years. To the right is exhibited the average for the four years 1905 to 
1908. The figures are also reproduced in the following table : 


Table I. 


Average Working per Train-mile of the Ikuhmip in England and 
WaUe taken over the Years ltK)r> to ItKW. 


P«‘uee iM'ir train-mile. 


Locomotive power . 12'67 

Repairs and renewals of carriages and waggons . . . 2*60 

Maintenance of permanent-way 6*37 

Traffic expenses 12*78 

General charges , . T68 

Rates and taxes 3*05 

Government duty . f)*22 

Compensation .... {1*47 

Ijegal and miscellaneous .1*39 

Total 41*63 


Locomotive power absorbs an amount about equal to the traffic expenses; and 
companies actually pay in rates and taxes a sum nearly equal to the whole amount 
required to maintain the rolling-stock in an efficient state. 

To the right is shown a scale the divisions of which represent, an amount 
estimated in pence per train-mile corresponding to 1 per cent, of the average 
dividend. This shows that if the whole of the locomotive power could be 
obtained for nothing, the average dividend would only l>e inereafK*d by If per 
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cent. Reckoned on the ordinary stock alone, however, the increase would be 
about three times this amount. 

It may be of interest at this stage to compare the financial position and the 
cost of the working of railways in their earlier days with the state of things now. 
For this purpose the position of the old Loudon and Birmingham Railway is 
compared with 'the position of the London and North Western Railway, the 
system into which it has grown. The years selected are 1840 and 1908. 

X have taken out the cost per mile of working the traffic of the London and 
Birmingham Railway from some accounts given in Winshaw’s ‘ Railways.’ The 
details are grouped somewhat differently in the list just given, but in the rnq ,i n 
the various items may be compared. 

The number of train-iniles on the Loudon and Birmingham Railway recorded 
for the year Januaiy to December, 1839, is 714,998. The accounts given are for 
the year June 1839 to June 1840. The mileage record is thus not strictly com- 
parable with the expense account, but it may be regarded as covering the same 
period with 'sufficient accuracy for our purpose. 

The costs work out as follows 


Table II. 

Cost fer Train-mih for the Year ending June 1840, London and 
Birmingham. Railway. 


Locomotive power 23*2 

Maintenance of way 27*2 

Traffic expenses, including repairs to waggons . . . 25*9 

General charges, including legal charges 4'6 

Rates and taxes 4*5 

Government duty 7'65 

Accident account 0*35 


Total 


93*30 


The receipts amounted to 231(^. per train-mile. Hence the working expenditure 
was 40 per cent, of the gross receipt-s. 

The gross receipts for the year ending June 30, 1840, were 687,104L, which, 
after deducting charges for loans, rents, and depreciation of locomotives, car- 
riages, and waggons, enabled a dividend of 9^ per cent, to be paid on the ordinary 
stock. 

There are two noteworthy facts in these old accounts. First, the allowance 
for depreciation on the rolling-stock of nearly 4 per cent, of the receipts. 
Secondly, the fact that the cost of working the traffic is given per ton-mile. This 
method of estimating the cost of working has gradually fallen into desuetude on 
British railways. One company only at the present time records ton-mile statis- 
tics. Quite recently (in 1909) the committee appointed by the Board of Trade to 
make inquiries with reference to the form and scope of the accounts and statistical 
returns rendered by the railway companies under the Railway Regulation Acts 
have had the que.stion of ton-mile and passenger-mile statistics under considera- 
tion. There was considerable difference of opinion concerning the matter, and 
in the end the committee did not recommend that the return of ton-mile and 
passenger-mile statistics should be made compulsory on the railway companies. 

Returning to the London and Birmingham Railway accounts, the actual figures 
given by Mr. Bury, the locomotive engineer, were, for the year ending December 
1839 

Passmger Trains. — Ton-miles, 21,159,796, giving an average of 542,533 ton- 
miles per engine at 0*86 lb. of coke per ton-mile costing 0‘17d. 

Goods Trains. — 17,527,439 ton-miles, giving an average of 584,247 per engine 
at 0*67 lb. of coke per ton-mile costing 0*lld. per ton-mile. 

Table III. shows various amounts and quantities in comparison with one 
another. Beneath the actual figures are placed proportional figures, the London 
and Birmingham item being in every case denoted Jsy unity. 
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Table III. 

Oomparison of Capital, Jiaedpis, il/i7es 0pm, fram-viik\% mtd of Worhing 
betwem the London and Birmingham Baihaai/ for the Year ending Jwie 1840 
a 7 id the London and North Wef^tern Itailway for the Year loiding Deeemhr 
1908. 
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39,175,374 3 

125,037,134 

15,515,334 

app. avo- 

average 
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1 

1 
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24 

22-6 


Miles Open iu 
E(|uivakint 
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Bun 
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'I’raiu-milc 

E.'cpemlituro 

IV urkmK iH..- t* 
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L. & B. By., 





40 

1840.... 
L. & N. W. 

200 

. 714,998 


1)3 pence 


B,y.,1908 

5,406 

48,732,644 


50 „ 

65 

-.w....,- — .. — 




— ^ , 

— — ' 

L.&B,By., 
1840..,. 
L. & N. W. 

1 

1 

1 

1 

1 

By., 1908 

' 21*(5 

68*3 

0*33 

0-54 

1*62 


The comparison brings out some curious facts. For irwianco, it will be noticed 
that the gross receipts of tho London and North Western Hallway in 190B were 
twenty-two and a half times as much as those of tho London and Birmingham 
Eailway in 1840, and that the track mileage open was about twenty-two times as 
great. The money earned per mile of track open is thus pruct icidly the same after 
a lapse of seventy years. To earn the same amount pt‘r mile of track optm, how- 
ever, the trains of tbe London and North We.stern Hailway had in HXB to run 
68*8 times the number of train-miles that tho trains of tho London and Birming- 
ham Bailway ran in 1840. That is to say, in order to earn a Hoverolgn a London 
and North Western train has now to run three times the distanoe which it was 
necessary for a London and Birmingham train to run to earn the same amount. 

Another point to notice is that although the mileage and tho receipts per mile 
of track open have each increased in the same proportion, yet tho capital has 
increased at a greater rate, being on the total amount twenty- four times as much 
as in 1840, and the stock and share capital has increased twenty-eight times. So 
that with the necessity of running three times tho train-mileage to obtain the 
same return per mile of track open there runs the obligation to pay interest on 
an ordinary stock which has been increased in a greater proportion than the 
mileage and in a greater proportion than tho earning power of the lino. Lower 
dividends are therefore inevitable. The cost of working per train-mile has 
decreased gradually to about half its value in IBIO, but at the .same time the 
receipts per train-mile have dvandled to one-third of the amount in 
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These figures show that a more conservative system of financing the railways 
might have been adopted in the earlier days with advantage. If when the receipts 
per train-mile were larger, a proportion of the revenue had been used annually 
for the construction of new works and for the provision of new rolling-stock 
instead of raising fresh capital for everything in the nature of an addition to the 
railway, the companies would to-day have been in a position to regard with 
equanimity the increasing cost of working. 

It is too late in the day to recover such a strong financial position, but even 
now on many lines a larger proportion of the revenue could be sunk in the line 
with great ultimate advantage to the financial position. 


The Problem of the Locomotive De'pdrtment. 

During the last twenty years the demand on the locomotive has steadily 
increased. The demand has been met, though with increasing difificulty, owing to 
the constructive limitations imposed by the gauge. The transference of a train 
from one place to another requires that work should be done continuously by the 
locomotive against the tractive resistance. The size of the locomotive is deter- 
mined by the rate at which this work is to be done. If T represents the tractive 
resistance at any instant, and V the speed of the train, then the rate at which 
work is done is expressed by the product TV. The pull exerted by the loco- 
motive must never be less than the resistance of the whole train considered as a 
dead load on the worst gradient and curve combination on the road, and it can 
never be greater than about one-quarter of the total weight on the coupled wheels 
of the engine. 

Again, the tractive pull of the engine may be analysed into two parts— one 
the pull exerted to increase the speed of the train, the other the pull required to 
maintain the speed when once it has been reached. For an express train the 
number of seconds required to attain the journey speed is so small a fraction of 
the total time interval between the stops that the question of acceleration is not 
one of much importance. But for a local service where stops are frequent the 
time required to attain the journey-speed from rest is so large a fraction of the 
time between stops that this consideration dominates the design of the locomotive 
and, in fact, makes it desirable to substitute the electric motor for the locomotive 
in many cases. 

An accurate estimate of the rate at which work must be done to run a stated 
service can only be made if there are given the weight of the vehicles in the 
train, the weight of the engine, the kind of stock composing the train, the speed 
and acceleration* required at each point of the journey and a section of the road] 
and, in addition to this, allowance must be made for weather conditions. 

A general idea of the problem can, however, be obtained by omitting the 
consideration of acceleration, gradients, and the unknown factor of weather con- 
ditions, considering only the rate at which work must be done to draw a given 
load at a given speed on the level. Even thus simplified the problem can be 
solved only approximately, because,^ although the tractive resistance of a train 
as a whole is a function of the speed, the tractive resistance per ton of load of 
the vehicles and per ton of load of the engine differ both in absolute value and 
in their rates of change for a stated speed, and, further, the ratio between the 
weight of the vehicles and the weight of the engine is a very variable quantity. 

For our purpose, however, it will be sufficiently accurate to assume that the 
resistance of the whole train, expressed in pounds per ton, is given by the 
formula 


It follows that the horse-power which must be developed at the driving-wheels 
to maintain a speed of V miles per hour on the level with a train weighing 
W tons is 


HP==W. 


\ 70 ^ 96 , 000 / 
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Pig. 5 shows curves of horse-power plotted from this equation for various 
weights of train. From this diagram a glimpse of the problem confronting loco- 
motive engineers at the present clay can readily bo obtained. 

To illustrate the point consider the case of the Bcotc'h express on the West 
Coast route/ This is a,n historic service and goes away Ivac'k to 1844, in which 
year the first train left Euston for Carlisle, travelling by way of Kugby, Leicester, 
York, and Newcastle, and occupying houns. It wjm not until 184V, however, 
that there was a through service to Edinburgh -vid Berwick. 

In September 1848 the. West Coast service for E«linburgh %vas established by 
way of Birmingham and Carlisle, the timing being H hours 55 minutes to Carlisle, 
and 12 hours to .Edinburgh. 

In September 1863 the starting time from Euston was fixed at 10 a.m,, and in 
1875 the train ran vid the Trent Valley between Rugby and iStafford, thus cutting 
out Birmingham and shortening the journey to Carlisle from 309 miles to 
299 miles, the. timing being 7 hours 42 minutes to Carli.sle, and 10 hours and 
25 minutes to Edinburgh. The speed has gradmdly been increased, and in 1905 



Fio. 5. 

the timing was 5 hours 64 minutes to Carlisle, atid Hj htnirs to Edinburgh. Now 
the timing is 6 liours 48 minutes to Carlisle, but- i.s still hour.s to Edinburgh. 

Three specific example.^ are plotted on the diagram, showing the power 
requirements in 1864, 1B86, and 1903 for thi.s train. Typical trains in 1864, 
1886, and 1903 weighed, including engine and tcmlcr, KK) tons. 250 toiiR, and 
450 tons respectively. The average .speed.s were thirty-eJght, forty-five, and 
fifty-two miles per hour respectively. A glance at the diagram wilfshow that 
the power required to work this train was about 100 horw-powor in 1804, 40i) horse- 
power in 1888, and 1,000 horse-power in 1903. 

It must not be supposed that the incTcafKii in tlm wciglit of the train means a 
proportionate increase in the paying load. Par from it. On a particular day in 
1903, when the total weight of the Scotch express wa.H 460 tons approximately, 
the weight of the vehicles was about 34G tons. There were two (lining-cars on 
the train, and th^ seating accommodation, exclusive of the seats in the dining- 

^ I am indebted to Mr. Bowen Cooke for particulars of the Bcotch Express 
Service. 
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cars, was lor 247 passengers, giving an average of 1'4 tons of dead load to be 
hauled by the engine per passenger assuming the train to be full. In the days 
before corridor stock and dining-cars were invented the dead load to be hauled 
was about a quarter of a ton per passenger for a full train. 

In a particular boat special, consisting of two first-class saloons, one second 
and third clafes vehicles, one first-class dining-car, one second and third class 
dining-car, one kitchen-car, and two brake-vans, seating accommodation was 
provided, exclusive of the dining-cars, for 104 passengers, and the dead load to 
be hauled averaged 2’72 tons per passenger. Notwithstanding this increase in the 
dead load of luxurious accommodation, the fares are now less than in former days 
on corresponding services. Similar developments have taken place in almost 
every important service, and new express services are all characterised by heavy 
trains and high speeds. 

Charactenstic Energy-curves of Steam Locornotives, 

This steadily increasing demand for power necessarily directs attention to 
the problem, What is the maximum power which can be obtained from a loco- 
motive within the limits of the construction-gauge obtaining on British railways ? 
The answer to this can be found without much ambiguity from a diagram which 
I have devised consisting of a set of typical characteristic energy-curves to repre- 
sent the transference and transformation of energy in a steam locomotive, an 
example of which is given in fig. 6. While examining the records of a large 
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number of locomotive trials, I discovered that if the indicated horse-power Be 
plotted against the rate at which heat ener^ is transferred across the boiler- 
heating surface the points fall within a straight-line region, providing that the 
regulator is always full open and that the power is regulated by means of the 
reversing-lever^ — ^that is to say, by varying the cut-off in the cylinders. It is 
assumed at the same time, of course, that the ^oiler-pressure is maintained con- 
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stant. I have recently drawn a series of characteristic energy-curves for par- 
ticular engines, and these are published in Eiujinnn'huj, August 19 and 26, 1910. 
A typical set is shown in fig. 6. 

The horizontal scale represents the number of British thermal units trans- 
ferred across the boiler-heating surface per minute. This quantity is used as an 
independent variable. Plotted vertically are cmTe.sponding horse-powers, each 
experiment being shown by a black dot on the diagram. The small figures 
against the dots denote the speed in revolutions of the crank-axle per minute. 
Experiments at the same speed are linked by a faint chain dotted line. A glance 
at the diagram will show at once how nearly all the experiments fall on a straight 
line, notwithstanding the wide range of speed and power. 

The ordinates of the dotted curve just below the i.h.p. curve represent the 
heat energy in the coal shovelled per minute into the fire-box—that is, the rate at 
which energy is supplied to the locomotive. The thick line immediately beneath 
it represents the energy produced by combustion. The vertical distance between 
these two curves represents energy unproduced, but energy which might have 
been produced under more favourable conditions of combustion. Some of the 
improduced energy passes out of the chimney- top in carbon monoxide gas, bm 
the greater proportion is found in the partially consumed particles of fuel thrown 
out at the chimney-top in consequence of the fierce draught which must be used 
to burn the coal in siifiicient quantity to produce energy at the. rate required. 
The rate of combustion is measured by the number of pounds of fuel burnt per 
square foot of grate per hour. In land practice with natural draft 20 lb. of 
coal per square foot of grate per hour is a muxiinum rate. In a locomotive the 
rate sometimes retmhes 150 lb. per scpuire foot per hour. In the tUagram shown 
the maximum rate is about 120 ib. per square foot', and the dotted (,‘urve begins 
to turn upwards at about 70 lb, per square foot per hour. The vcrtit-al distance 
between the curves shows what has to bo paid for high rates of combustion. 

I found that in almost every case tho (mrve representing the energy ?u;tually 
produced by combustion differed very little from a straight line, passing through 
the origin, showing that at all rates of vvorking the etlicicruy of transmission is 
approximately constant. That is to say, the proportion of the heat energy actually 
produced by combustion in the fire-l>ox which passes across tlu‘ boiler-heating 
surface per minute is nearly constant and is therefore indtqnmdent of the rate of 
working. 

The lowest curve on the diagram represent s the rate !tt which heat energy 'is 
transformed into mechanical energy in tho cyliiuler.s of the locomotive. It seems 
a small rate in proportion to tho rate at which heat energy is .supplied to the 
fire-box, but it is not really so bad as it looks, because the engine aiduuUy trans- 
formed 60 per cent, of tho energy which would have been transformed by a 
perfect engine working on tho Rjinkino cycle l>eiwecn tho .sumo limits of piussure. 
The engine efficiency is represented in a familiar way by a curve labelled ‘B.T.H. 
per i.h.p. minute.’ It will be seen that the change of etliciem’y is small, notwith- 
standing large chpges in the indicated horse-power. 

The diagram indicates that the indicated horsc^-power is practically propor- 
tional to the rate at which heat is transferred across the boiler heating-surface, 
and as this is again proportional to tho extent of the heating-.surhuH*, tho limit of 
economical power is reached when the dimensions of the !)oilor have reached the 
limits of the construction-gauge, the boiler being provided with a fire-grate of 
such size that, at maximum rate of working, the rate of combustion falls l)etw6en 
70 and 100 lb, of coal per square foot of grate per hour. A boibu' of large heat- 
ing-surface may^ be made with a small grate necessitating a high rate of com- 
bustion to obtain the required rate of heat-protluction. Then, although a large 
power may be obtained, it will not h\ obtained economically. 

Eeturning now to the consideration of the type of locomotive required for a 
local service with frequent stops, the problem is to provide im <‘ng?iic which will 
get into its stride in the least time consistent with tho comfort of the passengers. 
The average speed of a locomotive on lot'al .service is low. Tho greater part of 
the time is occupied in reaching the journey speed, and the brake must then often 
be applied for a stop a few moments after the speed has Iwn attained. In 
some cases the stations are so close together that there ia no period between 
acceleration and retardation. Without going into the details of the calculation; I 
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may say that to start from^ rest a train weighing, including the engine, 300 tons, 
and to attain a speed of thirty miles per hour in thirty seconds requires about 
1,350^ i.h.p. During the period of acceleration the engine must exert an average 
tractive pull of nearly fifteen tons. 

Mr. James Holden, until recently locomotive engineer of the Great Eastern 
Railway, built an engine to produce an acceleration of thirty miles per hour in 
thirty seconds with a gross load of 300 tons. The engine weighed 78 tons, and 
was supported on ten coupled wheels each 4 feet 6 inches diameter. There 
were three high-pressure cylinders, each 18^ inches diameter and 24 inches 
stroke. A boiler was provided with 3,000 square feet of heating surface and a 
grate of 42 square feet area. Boiler pressure, 200 pounds per square inch. This 
engine practically reached the limit of the construction-gauge. 

An acceleration of thirty miles per hour in thirty seconds is considerably below 
what may be applied to a passenger without fear of complaint. But it is clear that 
it is just about as much as a locomotive can do with a train of reasonable weight. 
Even with a gross load of 300 tons nearly one-third of it is concentrated in the 
locomotive, leaving only 200 tons to carry paying load. The problem of quick 
acceleration cannot therefore be properly solved by means of a steam locomotive. 
But with electric traction the limitations imposed on the locomotive by the con- 
struction-gauge and by the strength of the permanent way are swept away. 

The equivalent of the boiler power of a dozen locomotives can be instan- 
taneously applied to the wheels of the electric tram, and every axle in the traiu 
may become a driving axle. Thus the whole weight of the stock, including the 
paymg load, may be utilised for tractive purposes. If, for instance, the traiu 
weighed 200 tons, then a tractive force equal to one-fifth of this, namely, forty 
tons, could be exerted on the train, but miiformly distributed between the severM 
wheels, before slipping took place. The problem of quick acceleration is therefore 
completely solved by the electric motor. 


Electric Railways. 

December 18, 1890, is memorable in the history of railway enterprise in this 
country, for on that date the City and South London Railway was opened for 
traffic, and the trains were worked entirely by electricity, although the original 
intention was to use the endless cable system of haulage. This line inaugurated 
a wonderful system of traction on railways in which independent trains moving 
at different speeds at different parts of the line are all connected by a subtle 
electric link to the furnaces of one central station. 

Since that epoch-marking year electric traction on the railways of this country 
has made a gradual if somewhat slower extension than anticipated. But electri- 
cally operated trains have in one branch of railway working beaten the steam 
locomotive out of the field and now reign supreme— that is, in cases, as indicated 
above, where a quick frequent service is required over a somewhat short length 
of road. The superiority of the motor over the steam locomotive, apart from 
questions of cleanliness, convenience, and comfort, lies in the fact that more power 
can be conveyed to the train and can be utilised % the motors for the purpose of 
acceleration than could possibly be supplied by the largest locomotive which could 
be constructed within the limits of the construction-gauge. There are many other 
considerations, but this one is fundamental and determines the issue in many 
cases. . 

A few facts relating to the present state of electric railways in the Dnited 
Kingdom may prove of interest. At the end of 1908 there were in the United 
Kingdom 204 miles of equivalent single track worked solely by electricity and 
200 miles worked mainly by electricity, corresponding to 138 miles of line open for 
traffic. Of this 102 miles belong to the tube railways of London and 201 miles 
to the older sy.stem formed by the District and the Metropolitan Railways and 
their extensions. 

It is not an eaisy matter to ascertain exactly how much capital is invested 
in these undertakings for the purpose of electric working alone, since some of 
the lines originally con.struct€d for a steam locomotive service have been converted 
to electric working. On the converted lines tjiere is the dead weight of capital 
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eorrespondang to t£e locomotive power provided before electrification took place. 
The capital invested in the 102 miles of tube railways in London is a little over 
25,000,000?. 

The total number of passengers carried (exclusive of season tickets) on the 
138 miles of electrical track during the year 1908 was nearly 342 millions, being 
roughly one-thii'd of the total number of passengers carried on all the railways 
of England and Wales during the same period. 

The average cost of working this traffic is 22‘3d. per train-mile. This figure 
includes the service of the lifts, which is presumably returned with the traffic 
expenses. The charges work out in this way 


Table IV. 

Average. Working Cost fer Train’inih of the Ehetric Bailwags worked wholly or 
mainly by Electricity in England and Wales for the Year 1908. 

per train-mile. 


Locomotive power 8*40 

Repairs and renewals of carriages and waggons . . . 1*50 

Maintenance of permanent way 2’40 

Traffic expenses 5*22 

G-eneral chm'ges 

Rates and taxes 2*36 

Government duty U’088 

Compensation 0*116 

Legal and miscellaneous 0*75 

Total 22*35 


The corresponding total receipts were 38'G5d. per truin-iuile. The working 
expenses are thus 58 per cent, of the total receipts. Comparing this with the 
figures given above for the whole of the lines in England and Wales, it will 
be seen that the cost for locomotive power on the electric railways apjxiars to be 
about two-thirds of the cost on stejim liiuss {kir mile run, the tmst for repairs 
and renewals of carriages and waggons about one-half, and the cost for tralfic 
expenses about one-half. 

The two kinds of working are not, Imwever, strictly comparable, as all the 
conditions of traffic in the two cases are different and the length of the electric 
lines is relatively so small that the problems which arise (.mt of the transmission of 
electric power over long distances are excluded. The trailitj expenses and the cost 
of repairs and renewals of carriages and waggons, general charges, are 
practically independent of the kind of power used for locomotive purpows, and, 
moreover, the difference in weight of electric tniins mid the steani-hauled trains 
is on the average so great that no comparison can b<^ instituted without ton-mile 
statistics.^ 


Method of Worhmj. 

With two exceptions the method of working the el<ii;tritk‘d lines of this country 
is in the main the same. A third conductor rail is laid on insulatora fixed to the 
ordinary track sleepers, and is maintained throughout the whole t)f its length at os 
nearly as possible a pressure of (XX) volts, except in a few cases where the pressure 
is 600 or 550 volts. Collecting shoes sliding along the rails are fixed to the 
trains, and through them current is supplied to the armatures fixed to or geared 
with the axles. The current flows through the armatures back to the .stations 

^ ^ Much valuable information regarding the coat of converting tins line between 
Liverpool and Southport from steam to elecdric working will lie found in 
Mr. AspinalTs presidential address to the Institution of Mechanical 3?ngin(‘er.s'. 
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or sub-stations through the running rails, which are bonded for the purpose, or 
sometimes through a fourth rail carried on insulators fixed to the track sleepers 
as in the cases of the District and Metropolitan Railways. 

Differences in the equipment arise out of the geographical necessities of the 
distribution. For a short line the power is produced at a central station and is 
distributed by feeders to the conductor rail direct. For longer lines power is 
produced at higher voltage (11,000 volts in the case of the District Railway), 
and is then distributed to sub-stations conveniently placed along the line where 
it is transformed^ to a lower voltage, converted to direct current, and then by 
means of feeders is distributed at 600 volts or thereabouts to the third rail. 

■In 1908 the Midland Railway Company opened for traffic the electrified line 
connecting Lancaster, Morecambe, and Heysham. The method of electrification 
was a departure from the general direct current practice hitherto applied to 
electrified lines in this country. Power was supplied to the trains at 6,600 volts, 
single phase, at twenty-five alternations per second, along an overhead conductor. 
The pressure was reduced by transformers carried on the motor-coach itself, and 
was then used by single-phase motors. The traffic conditions on this line are 
simple. 

In December 1909 the electrified portion of the London, Brighton, and South 
Coast Railway from Victoria, round by Denmark Hill to London Bridge was 
opened for traffic. This work inarks an epoch in the history of electric traction 
in England. For the first time the single-phase system was applied to meet the 
exacting traffic conditions of a London suburban service where the main condition 
is that the trains should be accelerated rapidly. The system has shown that it 
can meet all the conditions of the service perfectly. Energy is purchased and is 
distributed by overhead conductors direct to the trains at 6,600 volts, single 
phase, at twenty-five alternations per second where it is used by the single-phase 
motors after suitable transformation by apparatus carried under the motor car- 
riage. The results of this electrification will be of unusual interest because not 
only has the method applied shown itself to be quite suitable for dealing with a 
stopping traffic where quick acceleration is the dominating condition, but it con- 
tains the germ of practicable long-distance electrification. The near future may 
see the extension of the system to the line between London and Brighton, giving 
a frequent non-stop service which would bring Brighton in point of time nearer 
than the suburbs on opposite sides of London are to one another. 

Some particulars of the electric railways of the country are given in Table V. 
More details will be found in a table published annually by the Electrician entitled 
‘Tables of Electric Lighting, Power, and Traction Undertakings of the United 
Kingdom ’ and in the Railway Returns of the Board of Trade. 


Power Signalling, 

During the last ten years a considerable number of trial installations of power- 
signalling apparatus have been made by the railway companies of this country. 
The ekc;tric lines have generally adopted power signalling, and the District 
Railway has installed a complete system on all its lines and branches. 

The term ‘ power signalling * is applied to any equipment in which the actual 
movements of the points and signals are done by power, the signalman's work being 
thus reduced to the movement of small light control levers or switches. Of the 
several systems tried and proposed three bulk largest in the equipments applied 
in this country, mmiely, the all-electric, the low-pressure pneumatic, and the 
electro-pneumatic systems. 

The ‘all-electric’ system is represented by installations of the McKenzie- 
Holland and Westinghouse system on the Metropolitan and Great Western Rail- 
ways, by installations of the ‘Crewe' system on the London and North Western 
Railway, and by installations of Siemens Brothers on the Great Western Railway. 
The general feature of the all-electric system is that the points are operated by 
motors sunk in a pit by the side of the rails, the signals are pulled off electrically, 
and all the apparatus is controlled electrically. 

The low-pressure pneumatic system is represented by installations on the 
London and South Western Railway and the Great Central Railway. The points 
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and signal arms are moved by air compressed to about 20 lb. per square inch, 
and led to cylinders connected to the points and to the signal-arms. The c'ontrol 
is also done by means of compressed air, small pipes leading from each air-cylinder 
to the cabin. 

The electro-pneumatic system has found most favour in this country up to 
the present tune. The equipment installed includes such notable stations as the 
Central at Newciutle with 494 levers, and the Glasgow Central with 374 levers, 
and the whole of the Metropolitan District system of underground railways. In 
this system an air-cylinder is connected to each set of points and to each signal- 
arm. Air compressed to 65 lb. per square inch is supplied to the cylinders from a 
main running alongside the railway kept charged by small air-compressors placed 
at convenient inteWals. Each air-cylinder is provaded with a small three-way 
air-valve operated by an electro-magnet. The movement of each air-valve is 
controlled electrically from the cabin through the electro-magnet associated with 
it. The system grouped round any one signal-cabin may be regarded as an engine 
fitted with a large number of cylinders, each working intermittently by com- 
pressed air, and where in each the valve-rod has been changed to an electric cable, 
all the cables being led to a signal-cabin where the operation of the valves is done 
by means of an apparatus which is as easily played upon as a pifuio, with this 
difference, however, that the notes are mechanically interlcu'ked so that a signal- 
man cannot play any tune he pleases, but only a tune which permits of safe traffic 
■movement. Moreover, the instrument is so arranged that the movement of the 
small lever determining the movement of a signal-arm cannot he completed unless 
the signal-arm actually responds to the intention of the signalman, thus detecting 
any fault in the connections between the box and the arm. 

The obvious advantage of power signalling is the large reduction of physical 
labour required from the signalman. His energy can be utilised in, thinking 
about the traffic movements rather than in hauling all day at signal lovers. One 
man at a power frame can do the work of three at the ordinary frame. The 
claims made for power signalling, in addition to the obvious advantage of the 
reduction of labour, are brielly that the volume of traffic which can iKi dealt with is 
largely increased, that the area of ground required for the installation is con- 
siderably less than with the ordinary system, with its redding, bell-crank levers, 
chains, and pulleys, and that whei‘o the conditions are such that pow<’r .signalling 
is justified the maintenance cost is less than with a corre.sponding .system of normal 
equipment. 


Automatic S igmlUng. 

Several of the power-signalling installations are automatic in the .sense that 
between signal-cabins on stretches of line where there are no junctions or cros.sover 
roads requiring the movement of points, tho movement of the signal-arm protecting 
a section is determined by the passage of the train itself. Tho most important 
equipment of this kind is that installed on tho group of railways forming the 
* Underground ’ system. This includes tho District Railway with all its branche.s. 
On this line the particular system installed is tho electro-pncumatii*, modified to be 
automatic except at junctions. Signal-cabins uro placed only at junction.^ and at 
places where points require to be operated. The stretch of line to be automatically 
signalled is divided into sections, and tho entrance to each scettion is guarded by a 
signal-post. Calling two successive sections A and B, the train as it pa.s.s(\s from 
fetion A to Section B must automatically put the signal at the entraiK*e to B 
to danger, and at the same time must pull off the signal at tho entrance to A. 
These operations require the normal position of tho aigmil-arm io bo * off * instead of 
, at danger, as in the usual practice. Tho position of the !irm in this system conveys 
a direct message to the driver. If ‘on* he knows that there is a train in tfu' 
section ; if ‘ off ’ he knows that the section is clear. Each signal-arm is o|'>orated by 
an air motor as briefly described above, but tho cables from the valves are noiv led 
to relays at the beginning and end of the section which tho .signal protects. 
The contrivance by means of which the train acts as its own .signalman i.s briefly 
as follows. One rail of the running track is bonded, and h connected to the 
positive pole of a battery or generator. The opposite rail is divided into .section.?. 
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each about 300 yards long, bonded, but insulated at each end from the rails of the 
adjacent sections and each section is connected to a common negative main 
through a resistance. A relay is placed at the beginning and at the end of each 
section, and is connected across from the positive to the negative rail. Current 
hows and energises the relay, in which condition the relay completes a circuit to 
the electro-magnet operating the admission-valve of the air-cylinder on the signal- 
post, air is admitted, and _the signal-arm is held off. This is the normal condition 
at each end of the circuit. When a train enters a section it short-circuits the 
relays through the wheels and axles, in consequence of which the relays, de-ener- 
gised, break the circuit to the admission- valve, which closes, and allows the air 
in the cylinder to escape, and the signal-arm, moved by gravity alone, assumes 
the ‘ on ’ or danger position. At the same time the short circuit is removed from 
the section behind, dhectly the train leaves it, the relays are at once energised, the 
admission-valve to the air-cylinder on the protecting post of the section is opened, 
air enters, and the signal is pulled down to the ‘ off ’ position. 

The speed at which traffic can be operated by this system of power signalling 
is remarkable. At Earl’s Court junction box forty trains an hour can be passed 
each way-— that is eighty per hour-handled by the one signalman in the box. 
As the train approaches the box both its approach to the section and its destination 
must be notified to the signalman. When it is remembered that with ordinary 
signalling, to take an express train for example, a signalman hears some twenty- 
four beats on the gongs in his box, and sends signals to the front and rear box 
which give altogether some twenty-four beats on the gongs in these two boxes, 
forty-eight definite signals in all, for every express train he passes into the section 
which his signals protect, it will be understood that the system must be profoundly 
modified to admit such a speed of operation as eighty trains per hour per man. 
The modification is radical. No gong signals are used at all. There is a small 
cast-iron box standing opposite the signalman with fifteen small windows in it, 
each about l-J,- inch square. Normally each window frames a white background. 
A click in the box announces the approach of a train, and a tablet appears in one 
of the empty windows showing by code the destination of the train. The signal- 
man presses a plug in the box, a click is heard, and a tablet is seen in a precisely 
similar apparatus in the next box. When the train passes the man presses 
another plug and the tablet disappears. 

Four wires rur. between the signal-boxes along the railway, and by combining 
the ciurrents along the four wires in various ways fifteen definite signals can Be 
obtained, a number sufficient for the District traffic. Each of the fifteen 
combinations is arranged to operate one particular tablet in the box. Current from 
these four wires is tapped off at intermediate stations and is used to work a train 
indicator showing the passengers assembled on the platform the destinations of the 
next three trains. The whole equipment is a triumph of ingenuity and engineering 
skill, and is a splendid example’ of the way electricity may be used to improve the 
railway service quite apart from its main use in connection with the actual driving 
of the traims. 

The facets and problems I have brought before you will, I think, show the 
important influence that scientific discovery has had upon our railway systems. 
Scientific di.scovery and mechanical ingenuity have reduced the cost of locomotive 
working to a point undreamt of by the pioneer locomotive builders. Electric 
railways arc the direct fruit of the discoveries of Faraday. The safety of the 
travelling public was enormously increased by the invention of continuous brakes 
and by the diH«‘overy of the electric telegraph, and is greatly increased by the 
development of modern methods of signalling; and the comfort of travellers 
is increased by modern methods of train-lighting, train-warming, and the train 
kit(‘hen. Tnventhm.s of a most ingenious character have from time to time been 
made in order to furnish a steady and ample light in the carriages. The smooth- 
ness of travelling on our main lines is evidence of the thought which has been 
lavished both on the wheel arrangements of the carriages and on the permanent 
way. Problems in connection with the continuous brake are many and interest- 
ing. Home of the problems of modem signalling would have quite baffled the 
scientific electrician a quarter of a century ago. When engijieers endeavour to 
apply the re.sult.s of .scientific discovery they often find themselves confronted by 
problems unpercoived by the .scientist. Together they may find a solution and 
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thus enlarge the boundaries of knowledge and at the same time confer a practical 
advantage on the community. The pure scientist, the practical engineer, act and 
react on one another both to the advantage of pure science and to the advantage 
of the national welfare.^ The future success of our railways depends upon the 
closer application of scientific principle both to the economic and engineering 
problems involved in their working, some decrease in unprofitable competition 
with one another, and a more just appreciation on the part of the State of the part 
railway companies play in our national well-being. 
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ONK-ANO-i’HnvrY years have passed since the British Association visited this city. 
At that time anthropology was in the stage of probation and was represented by a 
branch of the section devoted to biology. Since then its progress in popularity 
and influence has been continuous, and its claims to be regarded as a science, 
with aims and capabilities in no way inferior to those of longer growth, are now 
generally admitted. Its advance in this country is largely due to the distin- 
guished occupant of this chair at our last meeting in Sheffield. During the present 
year Dr. E. B, Tylor luis resigned the professorship of anthropology in the 
University of Oxford. Before this audience it is unnecessary for me to describe 
in detail the services which this eminent scholar and thinker has rei^ered to 
science. His professorial work at Oxford; his unfailing support of the Boyal 
Anthropologi{‘al Institute and of this section of the British Association; hxs 
sympathetic encouragement of a younger generation of workers— these are 
familiar to all of ns. Many of those now engaged in anthropological work at 
home and abroad date that interest in the study of man, his culture and beliefs, 
which have given a new pleasure to their lives, from the time when they iirst 
liecmiH*. acfpiainted with his ‘Primitive Culture’ and ‘Researches into the 
History of Mankind,’ These works enjoy the almost unique distinction that, 
in spite of the {‘onstant accumulation of new material to illustrate an advancing 
science, they still maintain their authority; and this because they are based on a 
thorough investigation of all the available material and a profound insight into 
the psychology of man at the earlier stages of culture. He has laid down once 
for all the broad principles which must always guide the anthropologist : _ that 
a familiarity with the principles of the religions of the lower races is as 
indispensablo to the scicntifii! student of theology as a knowledge of the lower 
forms of life, the structure of mere invertebrate creatures, is to the physiologist. 
‘ Pew ’ he assures us, * who will give their minds to master the general principles 
of savage religitm will ever think it ridiculous or the knowledge of it superfluous 



TRANSACTIONS OP SECTION H. 


to tho rest of mankind. . . . Nowhere are broad views of historical development 
more needed than in the study of religion. . . . Scepticism and criticism are the 
very conditions for the attainment of reasonable belief.' I need hardly say that 
his exposition of the principles of animism, as derived from the subconscious 
mental phenomena of dreams and waking visions, has given a new impulse and 
direction to the study of the religion of savage races. 

Dr. Tylor, on his retirement from the active work of teaching, carries with 
him the respectful congratulations and good wishes of the anthropologists here 
assembled, all of whom join in the hope that the Emeritus Professor may be 
able to devote some of his well-eaimed leisure to increasing the series of valuable 
works for which we are already indebted to him. 

In his address from this chair Dr. Tylor remarked that twenty years before 
that time it was no difficult task to master the available material. ‘ But now,’ he 
added, ' even the yearly list of new anthropological literature is enough to form a 
pamphlet, and each capital of Europe has its anthropological society in full work. 
So far from any finality in anthropological investigation, each new line of argu- 
ment but opens the way to others behind, while those lines tend as plainly as 
in the sciences of stricter weight and measure toward the meeting ground of 
all sciences in the unity of Nature.’ 

Since these words were written thei'e has been a never-ceasing supply of 
fresh literature, which is well represented in the pnb]ic<'itions of the present year. 
Every contributor to this science must now bo a specialist, because he can with 
advantage occupy only one tiny corner of the field of humanity; and even then 
‘ he is never free from a feeling of anxiety lest his humble contribution may 
have been anticipated by some indefatigable foreign scholar. In short, the 
attempt to give a general exposition of the acdencMvs devoted to the study of 
mankind has been replaced by the monograph. Of such studie.s designed to 
co-ordinate and interpret the facts collected by workers in the field we welcome 
two contributions of special importance. 

Professor J. G. Frazer has given us a monumental treatise on totemism and 
exogamy, in which, relying largely on new Australian evidemue and that col- 
lected from Melanesia by Dr. Hacldon and his colle:i.gnes, Dr. Bivers and 
Dr. Seligmann, he endeavours to prove that totemisin originated in a primitive 
explanation of the mysteries of conception and childbirth. Aa contributing causes 
h© disemsses the induence of dreams and the lh<»ory of the external soul, the 
latter being occasionally found connected with toteinism ; and he points out that 
one function of a totem clan was to provide by methods of mimetic or sympathetic 
magic a supply of the totem plant or animal on which the exist<‘nce of the 
community depends, this function being not metaphysical or baseil on philan- 
thropic impulse, but on a cool but erroneous calculation of ec!anomi« intere.st. 
He has also cleared the ground by dissociating totemisin from exogamy, the latter, 
as an institution of social life, being, he iKdieves, later in onler of time than 
totemism, and having in some cases accidentally modified the totemic .system, 
while in others it has left that system entirely unaffoeded. The law of e.xogamy 
is, in his opinion, based mainly on a desire to prevent the union (jf near relations, 
and on the resulting Micf in the sterilising effect.s of incest np(jn women in general 
and edible animals and plant.s. In dealing with totemism as a factor in the 
evolution of religion he give.s us a much-needed warning that it does not 
necessarily develop, first into the worship of sacred animals and plants, and 
afterwards into the cult of anthropomorphic deities with sacred plants and 
animals for their attributes. In the stage of pure totemism totems are in no 
sense deities, that is to say, they are not propitiated by pray^T and sacrifice; 
and it is onljr in. Polynesia and Melanesia that there are any indications of a 
stage of religion evolved from totemism, a conclusion which (l<uiH>lishe.s much 
ingenious speculation. It is hardly to be exiK'cted that in a field covered by the 
wrecks of many controversies these views will meet with univer.snl aci-eptance. 
But the candour with which he discards many of hi.s (»wn theorie.s, and the 
infinite labour and learning devoted to the preparation of hi.s elaborate digest, 
deserve our hearty recognition. 

In his treatise on ‘Primitive Paternity,’ Mr. E. S. Hartland <leal.s with the 
problems connected with the relations of the sexe.s in aix-haic Hoci4‘ty. IVIotlier- 
right he finds to be due not so much to the difiiculty of identifying the father 
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as to ignorance of physiological facts ; and he supposes that the transition from 
mother-right to father-right originated not from a recognition of the physical 
conditions of paternity, but from considerations connected wth the devolution of 
property ; as Professor Prazer states the case, it arises from a general increase 
ill material prosperity leading to the growth of private wealth. 

We also record the steady progress of the great ‘Encyclopedia of Eeligion 
and Ethics,’ under the editorship of Dr. J. Hastings, which promises to provide 
an admirable digest of the results of recent advances in the fields of comparative 
religion and ethnology. ' 

It is now admitted by all students of classical literature that the material 
collected from the lower races is an indispensable aid to the interpretation of the 
myths, beliefs, and culture of the Greeks and Bomans. Most of our universities 
provide instruction of this kind; and Oxford has opened its doors to a special 
course of lectures dealing with the relation of anthropology to the classics. One 
of its most learned mythologists, Dr. L. R. Parnell, when about halfway through 
his treatise on the cults of the Greek states, admitted the increasing value of the 
science in elucidating the problems on which he was engaged. Even with this 
well-advised change of method he has left the field of peasant religion, nature- 
worship, and magic, which must form the starting-points for the next examina- 
tion of Greek beliefs, practically unworked. The formation of a Roman Society, 
working in co-operation with and following the methods which have been adopted 
by the Society for the Promotion of Hellenic Studies, is a fresh indication 
of the increasing importance of the work npon which we are engaged. 

In the field of archseology Dr. A. J. Evans has commenced the publication 
of the Minoan records, which open up a new chapter in the early history of the 
Mediterranean. It is now certain that the origin of our alphabet is not to be 
found, as De Rouge supposed, in the hieratic script of Egypt, but in the Cretan 
hieroglyphs ,* and that the influence of the Phoenicians in its development was less 
important than has been generally supposed. Before the full harvest of these 
excavations can be reaped we may have to await the discovery of some bilingual 
document, like the Rosetta Stone, which will solve the n^steries of the Minoan 
syllabary. 

As regards physical ^thropology, the validity of the use of the cephalic 
index, particulai’ly in discriminating the elements of mixed populations, has 
been questioned. The recent Hunterian lectures delivered by Professor A. Keith, 
as yet published only in the form of a simmiary, are designed to place these 
investigations on a more scientific basis. In particular increased attention is 
being given to the intluence of environment in modifying a structure generally 
so stable as the human skull. Thus it has been ascertained that the immigrant 
into our towns, by some process of selection or otherwise, develops a longer 
and narrower head than the countryman. The recent American Commission, 
under the presidency of Professor Boas, reports that ‘racial and physical 
characteristics do not survive under the new climate and social environment. . . . 
Children born even a few years after the arrival of their parents show essential 
differen(ies as compared with their European parentage. . . . Every part of the 
body is influeJiccd, even the shape of the skull, which has always been considered 
to be the most permanent hereditary characteristic,’ Similar results appear from 
a comparison of the American negro with his African ancestor, 

I may reefer briefly to the work on folk-lore. Though in recent years it has 
not maintained the iinpoi'tance which it at one time secured in the proceedings 
of this stK'iion, we still regard it as an essential branch of the study of man. 
The Folk-lore Society, after thirty-two years’ useful work, finds that much still 
remains to be done in these islands to secure a complete record of popular beliefs 
and tradititjus, many of which are rapidly disappearing. It has therefore formu- 
lated a scheme for more systematic investigation in those districts which have 
hitherto Iwen neglected. A eomraittee including representatives of the two allied 
.sciences is also engaged on the necessary task of revising and defining the 
terminology of anthropology and folk-lore. 

The materials collected by field workers, in various regions of the world, 
and popular accounts of .savage religion, customs, and folk-lore continue to 
arrive in sutdi increasing numbei*s that the need of a central bureau for the 
classification of this mass of facts has become increasingly apparent. It is true 
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that have suffered a set-back, it is to be hoped only temporary, in the 
rejection of an appeal made to the Prime Minister for a grant-in-aid of the Eoyal 
Anthropological Institute. But if we persist in urging our claims to official sup- 
port the establishment of an Imperial Bureau of Ethnology cannot be long 
deferred. 

One result of this accession of fresh knowledge, largely due to improved 
methods of research, is to modify some of our con<^ptions of savage psychology, 
We now understand that side by side with physical uniformity there may be 
wide differences arising from varieties of race and environment. It is becoming 
generally recognised that we can no longer evade the difficulty of interpreting 
beliefs and usages by referring them to that elusive personality, primitive man. 
Between the embryonic stage of humanity and the present lie vast periods of 
time; and no methods of investigation open to us at present offer the hope of 
successfully bridging this gap in the historical record. To use the words of 
Professor Frazer : ‘ It is only in a relative sense, by comparison with civilised 
men, that we may legitimately describe any living race of savages as primitive.’ 
Hence the hypothesis of the unilinear evolution of culture which satisfied an 
earlier school' will no longer hear examination. 

Further, not to speak of the ai'tistic endowments of paheolithic ihan, we 
find to our surprise that a race like the Australian Arunta, whose lowness in the 
scale of humanity does not necessarily connote degradation, has worked out 
with exceptional ability through its tribal council their complex and cumbrous 
systems of group marriage and totemism. They have developed a cosmogony 
which postulates the self-existence of the universe; they have reached a belief 
in reincarnation and transmigration of the soul. So far from their social system 
being rigid it is readily modified to suit new condition.s. They live in peace with 
neighbouring tribes, and have established the elements of international law. On 
the moral side, though there is much that is cruel and abhorrent, they are not' 
wanting in kindliness, generosity, gratitude. The savage, in .short, i.s not such: 
an unobservant simpleton as some are inclined to .suppo.se ; and any interpretation 
of his beliefs and usages which’ ignores this fact is certain to bo miskfading. 

This popularisation of our science has not, however, been univer.sally wet 
corned. It has been urged with much reason that this overabundance of material 
tends to encourage an unscientific method, particularly the comparison of i.solated 
facts without due regard to the context of culture to which they are organically 
related. There is much force in this contention; and probably when the work 
of this generation comes to be critically reviewed we .shall be rightly charged with 
rashly attempting a synthesis of facts not generically related, with reposing too 
much confidence in evidence collected in a haphazard fashion, and with losing 
sight of their historical relations in our quest after survivals. Tho.se who have 
practical experience of work among savage or semi-.savage race.s understand the 
difficulty of collecting information on subjects outside the range of their material 
interests. Only a skilled linguist is able to interpret their hazy rdigioms belief.s. 
We fail to evolve order from what is and always mu.st be chaotit?; we fail to 
discriminate religion from sociology becaust^. both are from the savage point 
of view identical; and generally it is only the by-prodtu't.s of religion, such as 
demonology, witchcraft, mythology which reward our search. The mo.st dogmatic 
among us, when they consider the divergent view.s of Me.s.sr». Spencer and Gillea 
and Strehlow, may well hesitate to frame theories about the Arunta. 

In the next place it has been objected that the scientific* side of anthropology 
is in danger of being submerged by a flood of amateuri.sni. It is only within 
recent years that a supply of observers trained in scientific raethod.s has becmnie 
available. Much of the work in India, the dominions, and other parts of the 
empire has been done by amateurs, that is to say, by ofii(;ers in the service of the 
Crown, missionaries, or planters, who understand the language.s, manner.H, and 
prejudices of the people, but have not received the advantage of scientific 
training. Some of this work is, in its kind, useful; but there seems rea.son to 
believe that inquiries conducted by this agency have almost reached thoir linn't. 
The existing material may be supplemented and corrected by workers of the same 
class; but from them no important additions to our knowle'dge can reasonably be 
expected. 

Criticisms such as these have naturally suggested proposals for improving the 
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qualifications of this agency by providing a course of training for public ser- 
vants before they join their appointments; and excellent arrangements with this 
object have been made by several of our universities. In addition to this schemes 
arc in the air for the establishment of a School of Oriental Studies in London 
or of a College for Civilians in Calcutta. We must^ however, recollect that the 
college established by Lord Wellesley at the beginning of the last century with 
the intention, "to use his own words, of promoting among junior officers ‘an 
intimate acquaintance with the history, language, customs, and manners of the 
people of India,’ failed to meet the aims of its founder. We must also 
remember that recruits for the Colonial services do not undergo any training in 
this country ; and that in the case of the Covenanted Civil Service of India the 
period extends only to a single year, during which the candidate is expected to 
learn the rudiments of at least one Oriental language and to acquire some know- 
ledge of the law and history of India. It seems obvious that this leaves little 
tiaie for the _ scientific study of anthropology; and the most that can be expected 
is to excite in the young official a desire to study the native races and to define 
the subjects to which his attention may usefully he directed. There is, again, 
the obvious ris*k of letting loose the half-trained amateur among savage or semi- 
.savage peoples. He may see a totem in every hedge or expect to meet a corn- 
spirit on every threshing-floor. He may usurp the functions of the arm-chair 
anthropologist by adding to his own proper business, which is the collection Of 
facts, an attempt to explain their scientific relations. As a matter of fact, the true 
anthropologist is born, not made; and no possible course of study can be useful 
except in the case of the few who possess a natural taste for this kind of work. 

Having then practically exhausted our present agency it is incumbent upon 
us to press upon the governments throughout the empire the necessity of entrust- 
ing the supervision of ethnographical surveys to specialists. This principle 
has been recognised in the case of botany, geolop-, and archaeology, and it is high 
time that it was extended to anthropology. It is the possession of such a trained 
staff that has enabled the American Government to carry out with success a survey 
of the natives of the Philippine Islands ; and it is gratifying to record that the 
Canadian legislature, in response to resolutions adopted by this section at the 
Winnipeg meeting, has recently voted funds to provide the salary of a superin- 
tendent of the ethnological survey. We may confidently expect that other 
governments throughout the empire will soon follow this laudable example. These 
governments will, of course, continue to collect at each periodical census those 
statistics and facts of sociology and economics which are required for purposes 
of administration. But beyond these practical objects there are questions which 
can be adequately investigated only by specialists. 

The duties of such a director will necessarily be threefold ; First, to sift, 
arrange, and co-ordinate the facts already collected by non-scientific observers; 
secondly, to initiate and control special investigations, in particular that intensive 
study of smaller groups within a limited area which, in the case of the survey 
of the Todas by Dr. Rivers, has so largely contributed to our knowledge of that 
tribe. Such methods not only open out new scientific fields, but, and this is 
perhaps more important, establish a standard of efficiency which improves later 
surveys of these or neighbouring races. 

The field for inquiry throughout the empire is so vast that there is ample 
room for expeditions independent of official patronage. In some respects the 
private traveller possesses advantages over the official — in his freedom from the 
bondage of red tape and from the suspicion which inevitably attaches to the 
servant of government that his inquiries are conducted with the object of impos- 
ing taxation or of introducing some irksome measures of administration. He is 
always sure to receive the aid of local officers, whose familiarity with the native 
races must be of the highest value. 

The third duty of the director will be to organise in a systematic way the 
collection of specimens for home and colonial museums. Our ethnographical 
museums, as a whole, have not reached that standard of efficiency which the 
importance of the empire and the needs of training in anthropology obviously 
require ; and our students have to seek in museums at Berlin and other foreign 
cities for collections illustrative of tribes which have long been subject to British 
law. It is only necessary to refer to the recent handbook of the ethnographical 
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collections in tke British Museum to see that there are wide gaps in the series 
which might easily be filled by systematic effort. No time is to be lost, because 
the tragedy of the extinction of the savage is approaching the final act, and our 
grandchildren will search for him in vain except perhaps in the slums of our 
greater cities. 

Assuming then that in the near future anthropological inquiiies will be 
organised on practical lines, I invite your attention to some special problems in 
India which deserve intensive study, and which can be solved in no other way. 
India is a most promising field for such inquiries. Here the student of compara- 
tive religion can trace with more precision than is possible in any other part 
of the empire the development of animism and the interaction on it of the forces 
represented by Buddhism, Hinduism, Islam, and Christianity. The anthropo- 
logist can observe the most varied types of moral and material culture, from 
those represented by the heirs of its historic civilisation down to forest and 
depressed tribes little raised above the level of savagery. 

The first question which awaits examination is that of the prehistoric races 
and their relation to the present population. Unfortunately the materials for 
this inquiry are still imperfect. The operations of the archiuological survey, 
with the scanty means at its disposal, have rightly been concentrated upon the 
remains of architecture in stone, which starts from the Buddhist period, and 
upon the conservation of the splendid buildings which are our inheritance from 
older ruling powers. The prehistoric materials have been collected by casual 
workers who were not always careful to record the localities and cireuinstances 
of the discovery of their contribution to the local museums. Many links are 
still wanting, some altogether absent from Indian soil; others which systematic 
search will doubtless supply. We can realise what the position of prehistoric 
archaeology in Europe would be if t-lbe series of palaeolithic barrows, the bone 
carvings of the cave-dwellers, the relics from kitchen-middens and lake dwellings 
were absent. The caves of central India, it Is true, have supplied stone 
implements and some rude rock paintings. But the secrets of successive hordes 
of invaders from the north, their forts and dwellings, lie deep in the alluvium, 
or are still covered by shapeless mounds. Tropical heat and torrential rain, the 
ravages of treasure-hunters, the practice of cremation have destroyed much of 
the remains of the dead. The epigraphical evidence is enormously later in date 
than that from Babylon, Assyria, or Egypt j and the oriental indifference to the 
past and the growth of a sacred literature written to subserve the interests of a 
priestly class wealcen the value of the historical record. 

Further, India possesses as yet no scriation of ceramic types such as tliat 
devised by Professor Flinders Petrie which has enabled him to arrange the 
Egyptian tombs on scientific principles, or that which Professor Oscar Montelius 
has established for the remains of the Bronze Age. Mr. l\Iavshall, ttie Director 
of the Archojological Survey, admits that the Indian nm, seams contain few 
specimens of metal work the age of which is even approximately known. 

Though the record of the prehistoric culture is imperfect,* we cun roughly 
define its successive stages. 

The palceolithic implements have been studied by Mr. A. (?, Logan, whose 
work is useful if only to show the complexity of the problem. Tho.se found in 
the laterite deposits belong to the later Pleistocene period, and display a technique 
similar to that of the river-drift .series from western Europe. The Eolitlts, 
which have excited such acute controversy, have up to tlie present not be<m 
discovered; and so far as ‘is at pr6.sent known the pabeolithic .series from India 
appears to be of later date than the European. I^alu'olithit* man seems to have 
occupied the eastern coast of the j^ninsula, whence he migrated inland, using in 
turn quartzose, cEert, quartzite, lime.stone, or sandstone for his weapons'; that 
is to say, he seems not to have inhabited tho.se districts w'hich at a later time 
were seats of neolithic culture. Early man, according to what is perhap.s the 
most reasonable theory, was first specialised in Malaysia, and his northward 
route is marked by discoveries at Johore and other sites in that region. Thence 
he possibly passed into India. The other view represent.^ pakeolthit! man as 
an immigrant from Europe, At any rale, his occupation of parts of southern 
India was antecedent to the action o'f those forces which produced its present 
form ere the great rivers had excavated their present channels, and prior to the 
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deposition of the masses of alluvium and gravel which cover the implements 
which are the only evidence of his existence. 

Between the palaeolithic and the neolithic races there is a great geological and 
cultural gap ; and no attempt to bridge it has been made except by the suggestion 
that the missing links may be found in the cave deposits when they undergo 
examination. 

There is reason, however, to believe that the neolithic and the Iron Age 
cultures were continuous, and that an important element in the present popula- 
tion survives from the neolithic period. Relics of the neolithic are much more 
widely spread than those of the palaeolithic age. They extend all over southern 
India, the Deccan, and the central or Vindhyan range. Up to the present 
they are scanty in the Punjab and Bengal; but this may be due to failure to 
discover or identify them. Mr. Bruce Foote has discovered at various sites in 
the south factories of neolithic implements associated with wheel-made pottery of 
a fairly advanced type, showing that the Stone Age has survived side by side 
with that of metal down to comparatively recent times. The Veddas of Ceylon, 
the Andamanese, and various tribes on the north-east frontier, in central and 
southern India, are, or were up to quite recent times, in the Age of Stone. In 
fact, when we speak of ages of stone or metal we must not regard them as 
representing division of time but generally continuous phases of culture. 

There is no trustworthy evidence for the existence of an Age of Bronze. 
The single fine implement of this metal which has been discovered is probably, 
like the artistic vessels from the Nilgiri interments, of foreign origin; and other 
implements of a less defined type seem to be the result of imperfect metallurgy. 
This is not the place to discuss the problem of the origin and diffusion of bronze. 
Babylon, Asia Minor, and China have each been supposed to be a centre of 
distribution. The Egyptian specimen attributed to the third dynasty, say before 
the fourth millennium b.c., is believed by Professor Petrie to be the result of a 
chance alloy; but the metal certainly appears in Egypt about 1600 b.c., and it is 
believed to have originated in central Europe, where the Zinnwald of Saxony 
or the Bohemian mines provided a supply of tin. The absence of a Bronze Age 
in India has been explained by the scarcity of tin and the impossibility of 
procuring it from its chief soui’ce in the Malay-Burman region, where the mines 
do not seem to have been worked in ancient times. But another view deserves 
consideration. Professor Ridgeway has shown that all the sites where native 
iron is smelted are those where carboniferous strata and ironstone have been 
heated by eruptions of basalt; and iron was thus produced by a natural reduction 
of the ore. In Africa as well as India the absence of the Bronze Age seems to 
be due to the abundant .supplies of iron ores which could be worked by processes 
simpler than those required in the case of bronze. In India iron may have been 
independently discovered towards the close of the neolithic period, and iron 
may have di.splaced copper without the intervention of bronze. 

However this may l>e, the Copper Age in India, which has been carefully 
studied by Mr. V. A. Smith, is of great importance. Implements of this metal 
in the form of fiat and bar celts, swords, daggers, harpoon, spear, and arrow 
heads, with ornaments and a strange figure probably human, have been found 
at numerous site.s in northern India. In western Europe, according to Dr. 
Munro, the Copper Age was of short duration; but Mr. Smith believes that in. 
India the variety of types indicates a long period of development. 

No mention of iron occur.s in the Rig-veda; but it appears in the Atharvan, 
which cannot be dated much later than 1000 b.c. It., is now recognised that there 
is a .still obscure stratum of Babylonian influence underlying the Aryan culture ; 
and if, as is generally supposed, the manufacture of iron was established by the 
Chalybes at the head-waters of the Euphrates, who passed it down the della, its 
use may have .spread thence among the Indo-Aryans. It certainly appears late in 
the south Indian dolmen period ; and we have the alternatives of believing that it 
was introduced there by the Dravidian trade with the Persian G-ulf, which cer- 
tainly aro.se before the seventh century before Christ, or that it was indepen- 
dently discovered by the Dravidians who still extract it in a rude way from the 
native ores. 

The great serie.s of dolmens, circles, and kistvaens which cover the hills and 
plateaux of the Deccan and the region to the south .seem to belong to the Iron 
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Age. -Whether the construction of these monuments was due to the migration of 
the dolmen-building race from northern Africa, or whether the builders were a 
local people utilising the material on the spot must remain uncertain. The 
excavations conducted by Mr. Breeks and others disclose tall jars, many-storeyed 
cylinders of varying diameter, with round or conical bases, fashioned to rest on 
pottery ring-stands, like the classical amphorae, or to be imbedded in softer soil. 
The lids of these vessels are ornamented with rade, grotesque fi'gures of men, 
animals, or more rarely inanimate objects, depicting the arms, dress, ornaments, 
and domesticated fauna of the period. It has been suspected that these figurines 
may be of a date earlier than the implements of iron_ with which they are 
associated, and that they were deposited with the dead in a spirit of religious 
conservatism. At any rate, the costumes and arms represented^ on the older 
pottery present no resemblance to those depicted on the later series of dolmens 
and kistvaens. The pottery also seems to belong to different periods, the larger 
jars being of a later date than the true funereal urns which are found at a lower 
level, and contain a few cremated bones, gold ornaments, bronze and iron rings, 
with beads of glass or agate. These people clearly regarded bronze as an article 
of luxury, as it appears in the form of ornaments or in the series of splendid 
vases preserved in the Madras museum. It is difficult to suppose that these were 
of local origin ; more probably they were imported in the course of trade along 
the western coast or from more distant regions. 

Another and equally remarkable phase of culture, combining distinctly savage 
features with a fairly advanced civilisation, is illustrated by the Adittanalur 
cemetery in the Tinnevelli district recently excavated by hJr. E,ea. _ Two skulls 
discovered here are prognathous, suggesting a mixture of the Negrito and Dra- 
vidian types. There is no trace of cremation, and in most cases the smallness of 
the urn openings implies that the corpses were exposed to birds of prey, and that 
only such bones as could be discovered after removal of the flesh were collected 
for interment ; or, according to another interpretation of the facts, we have an 
instance of the custom of mourners carrying with them, like the modern 
Andamanese, the relics of the dead. These interments certainly extended over 
a long period, neolithic weapons being found in some graves, 'while in others 
iron arms were discovered fixed point downwards near the urns, as if they had 
been thrust into the ground by the mourners. In the richer graves gold frontlets, 
like those of Mycenae and other Greek interments, were fastened over the fore- 
head of the corpse. These were, like the Greek specimens, of such a flimsy type 
that they could never have been used in real life. It h a remarkable instance 
of a survival in custom that at the present day some tribes in this region tie a 
triangular strip of gold on the forehead of the dead, the import of which, on the 
analogy of the death masks of Siam, Cambodia, ancient Mexico, and Alaska, we 
may interpret as an attempt to guard the corp.se from the glances of evil spirits 
while the spirit is on its way to deathland, or to be used in processions of the 
corpse. 

The question remains : To what races may we attribute these successive 
phases of culture in soufhern India? The Tamil literature, as interpreted by 
Bishop Caldwell and Mr. V. Kanakasabhai, shows the existence of an advanced 
ly^ of archaic culture in this region ; but the evidence to connect this with the 
existing remains is as yet^ wanting. We may reasonably assume that neolithic 
man survives in the existing population, because we have no evidence of sub- 
sequent extensive migrations, except the much later arrival of Indo-Aryan 
colonies from the north, and that of the Todas, whom Br. Rivers satisfactorily 
identifies with the Nayars and Nambutiri Brahmans of Malabar. The occurrence 
of a short-headed strain among some tribes in western India probably represents 
some prehistoric migration by sea or along the ctoast line from the direction of 
Baluchistan or the Persian Gulf. The suggestion that it is the result of a 
Scythian or Hun retreat from northern India in the face of an advancing Aryan 
movement is not corroborated by any historical evidence, and is in itself improb- 
able. The customs of dolmen and kistvaen burial still persist among some of 
the present tribes, and they display some reverence for the burial places of their 
forgotten predecessors. This feeling may, however, be clue to the habitual 
tendency of the Hindu to perform rites of propitiation at places supposed to be 
the haunts of spirits, and need not necessarily connote racial identity. 
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Tile most primitive type identifiable in the population of south India is the 
Negrito, which appears among the Veddas of Ceylon, and among the Andaman- 
ese, who retain the Negrito skin colour and hair, but have acquired, probably 
from some Mongoloid stock, distinct facial characters. It has been the habit 
with some writers to exaggerate the Negrito strain in the south. But tribes like 
the Badagas and Kotas, which have been classed as representative of this type, 
possess none ‘of the Negrito characters, which appear only among the more 
primitive Kurumbas, Malayans, Paniyans, and Irulas. In all the modern tribes 
the distinctive Negrito marks — ^woolliness of hair, prognathism, lowness of stature, 
and excessive length of arm — have become modified by miscegenation or the 
influences of environment. 

The resemblances in culture of the Indian Negrito with the cognate races to 
the east and south-east of the Peninsula are too striking to be accidental. The 
Nadirs of Madras climb trees like the Bornean Dayaks, clip their teeth like the 
Jakun of the Malay Peninsula, and wear curiously ornamented hair combs like 
the Semang of Perak, among whom they serve some obscure magical purpose. 
The Negrito type deserves special examination in relation to the recent discovery 
of Pygmies in New Guinea, and the monograph on the Pygmy races in general 
by Dr. P. W. Schmidt, who regards them as the most archaic human type, from 
which he supposes the more modem races were developed, not by a process of 
gradual evolution, but saltum. If there be any force in these speculations he 
is justified in expressing Eis conviction that the investigation of the Pygmy races 
is, at the present moment, one of the weightiest and most urgent, if not the most 
weighty and most urgent, of the tasks of ethnological and anthropological science. 

This Negrito stock was followed and to a considerable extent absorbed by that 
which is usually designated the Dravidian. The problern of the origin of this 
race has been obscured by the unhappy adoption of a linguistic term to designate 
an ethnical group, and its unwarrantable extension to the lower stratum of the 
population of northern In'dia. At present the authorities are in conflict on this, 
the most important question of Indian ethnology. One school denies that this 
people entered India from the north or north-west on the ground that the immigra- 
tion of a dolichocephalic race from a brachycephalic area is impossible, and 
insists that the distinction between the so-called Dravidians and Kolarians is 
linguistic, not physical. The other theory postulates the origin of the Dravidians 
from the north-west, that of the Kolarians from the north-east; and avoids the 
difficulty of head form by referring the Dravidians to one of the long-headed 
races of central or western Asia or north Africa, or by suggesting that their skull 
form has become modified on Indian soil by environment or miscegenation. 

Recent investigations, archseological or linguistic, throw some new light on 
this complex problem. Sir T. Holdich, in his recent work ‘ The Gates of India,’ 
asserts that Makran, the sea-board division o‘f Baluchistan, is full of what he 
calls * Turanian,’ or Dravidian remains. He explains the position of the Brahui 
tribe in Baluchistan, on whom the controversy mainly turns, by assuming that 
while they now call themselves Mingal or Mongal and retain no Dravidian 
physical characters, the survival of their Dravidian tongue is due to the fact that 
it is their mother language, preserved by Dravidian women enslaved by Turo- 
Mongol hordes. Relics of the original Dravidian stock, he suggests, may be 
found in the Ichthyophagi, or fish-eaters, whom Nearchus, the admiral of 
Alexander the Great, observed on the Baluchistan coast, living in dwellings 
made of whale-bones and shells, using arrows and spears of wood hardened in 
the fire, with claw-like nails and long shaggy hair, a record of the impression 
made upon the curious Greeks by the first sight of the Indian aborigines. 

In the next place, inquiries by Dr. Grierson m the course of the Linguistic 
Survey prove that what is called the Mon-khmer linguistic family, which preceded 
the Tibeto-Burmans in the occupation of Burma, at one time prevailed over the 
whole of Further India, from the Irawadi to the Gulf of Tongking, and extended 
as far as Assam, To this group the Munda tongue spoken by some hill tribes 
in Bengal is allied; or, at least, it may be said that languages with a common 
substratum axe now spoken not only in Assam, Burma, Annam, Siam, and 
Cambodia, but also over the whole of Central India as far west as the Berars. 
^It is,’ says Dr. Grierson, *a far cry from Cochin-China to Nimdr, and yet, even 
at the present day, the coincidences between the language of the Korkus of the 
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latter district and the Annamese of Cochin-China are strikingly obvious to any 
student of language who turns his attention to them. Still further food for 
reflection is given by the undoubted fact that, on the other side, the Munda 
languages show clear traces of connection with the speech of the aborigines of 
Australia.’ The last assumption has been disputed, and it is unnecessary to 
discuss this wider ethnical grouping. Though identity of language is a slippery 
basis on which to found an ethnological theory, it seems obvious that the intrusive 
wedge of dialects allied to the Mon-khmer family implies that the Central Indian 
region was at one time occupied by immigrants who forced their way through the^ 
eastern Himalayan passes, their arrival being antecedent to the migration which 
introduced the Tai and Tibeto-Burman stocks into Further India. 

When the solution of this problem is seriously undertaken mider expert 
■guidance, the first step will be to make an exhaustive survey of the group of 
forest tribes, from the Santals and Paharias on the east, passing on to the Kols 
and Gronds, and ending with the Bhfls on the west. At present our information 
of the inter-relations of these tribes is fragmentary, and their superficial uniform- 
ity does not exclude the possibility that they represent more than one racial 
element. It will also be necessary to push inquiry beyond the bounds of the 
Indian Empire, and, like the trigonometrical surveyor, to fix the base line as a 
datum in India, and extend the triangulation through the borderlands. It is in 
these regions that the ethnological problems of India await their final solution. 
Many of these countries are still beyond our reach. Until the survey of the 
routes converging at Herat, Kabul, or Kandahar is comjilete the extent of the 
influence of the western races— Assyrian, Babylonian, Iranian, Arab, pd Greek— 
cannot be determined. Kecent surveys in Tibet have thrown much light on that 
region, but it is still only very partially examined. In Nepal the suspicious 
native Government still bars the way to the Buddhist sites in the Tarai and 
the Nepal valley, and thus a wide chapter in the extension of Hindu influence 
beyond the mountain range remains incomplete. 

The second great problem is the origin and development of caste. We have yet 
to seek a definition which will cover the complex phases of this institution, and 
effect a reconcilement between the views of Indian observers who trace it to the 
clash of races or colours, and that of the sociologists, w-ho lay little stress on 
race or colour and rely more upon the influence of environment, physical or moral. 
We must abandon the insular method which treats it only in relation to India, 
and ignores the analogous grouping of rank and class which were prepotent in 
Western Europe and elsewhere, and are no%? slowly losing ground in the face 
of industrial development. It is by the study of tribes which are on the border- 
land of Hinduism that we must look for a solution of the problem. The conflict 
of the Aryan and aboriginal culture, on which the religious and social systems 
of Hinduism were based, is reproduced in the contact between modern Hinduism 
and the forest tribes. Since the Hindus are the only members of the Aryan 
stock among whom we find endogamous groups with exogamous sections, the 
suggestion of Professor Frazer that they may have borrowed it from the non- 
ilkryans gains probability. The Dravidians within the Indian totemic area have 
worked, out an elaborate system of 'their own, which is well described in the 
repent survey of the Malayans by Mr. F. T. Eichards. How far this is connected 
with their preference for mother-right and their strong family organisation, of 
a more archaic type than the joint family of the Aryans, is* a question which 
deserves examination. The influence, again, of religion must be considered, and 
this can be done with the most hopeful results in regions like eastern Bengal, 
where a people who have only in a very imperfect way adopted Hinduism are 
now bemg converted wholesale to Muhammadanism. 

Again, when we speak of the tribe in India, we must remember that it 
assumes at least seven racial types, ranging from the elaborate exogamous groups 
of the Rajputs to the more archaic form characteristic of the Baloch and Pathin 
tribes of the weskrn frontier, attached to which are alien sections aiflliated by 
the obligation to join in the common blood-feud, which in process of time 
develops into a fiction of blood-brotherhood. Thus among the Marri of 
Baluchistan we can trace the course of evolution : admission to participate in 
the common blopd- feud, admission to participation in a share of the tribal land, 
and finally admission to kinship in the tribe. 
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This elasticity of structure has permitted not only the admission ‘of non- 
Aryan tribes into the Eajput body in modem times, but prepares us to understand 
how the majority of the Rajputs were created by a similar process of fusion 
the newcorners being known^ as the Gurjaras, who entered India in the train of 
the Huns in the fifth or sixth centuries of our era. The recognition of thk 
fact, by far the most important contribution made in recent times to the ethnology 
of India, is due to a group of Bombay scholars, the late Mr. A. M. T. Jackson, 
whose untimely death at the hand of an assassin we deeply regret, and the 
brothers Bhandarkar. Mr. D. R. Bhandarkar has recently proved that a group 
of these Gurjara Huns, possibly the tribal priests or genealogists, were admitted 
first to the rank of Brahmans, and then, by a change of function, of which 
analogies are found in the older Sanskrit literature, becoming Rajputs, are now 
represented by the Guhilots, one of the proudest septs. This opens up a new 
view of tribal and caste development. Now that we can certainly trace the blood 
of the Huns among the Rajput, Jat, and Gujar tribes, a fresh impulse will be 
given for the quest of survivals in belief and custom connecting them with their 
Central Asian kinsfolk. 

In what I have said I have preferred to speculate on a problem for work in 
the future rather than dwell upon the progress which has been already made. In 
the sphere of religion we have passed the stage when, as Professor Max Miiller 
said, ‘ the best solvent o_f_ the old riddles of mythology is to be found in the 
etymological analysis of t'Ke names of gods and goddesses, heroes and heroines,’ 
or when the * disease of language ’ theory was generally accepted. The position, 
in fact, has completely changed since Comparative Religion has adopted the 
methods of Anthropology. The study of myths has given way to that of cults, 
the former being often only naive attempts to explain the latter. India offers 
wide^ fields for inquiry by these new methods, because it supplies examples of 
cult in its most varied and instructive phases. The examination of Hinduism, the 
last existing polytheism of the archaic type, is likely to explain much hitherto 
obscure in. the development of other pantheons. It is no longer possible to refer 
the complex elements of this or any other group of similar beliefs To a single class 
of physical concepts. The sun, the dawn, the golden gates of sunset, or the 
dairy no longer furnish the key which unlocks the secret. It is by the study of 
the Animism, Shamanism, or Magic of the lower tribes that Hinduism can be 
interpreted. This analysis shows that behind the myths and legends which 
shroud the forms of the sectarian gods the dim shape of a Mother goddess 
appears, at onoe chthonic or malignant because she gives shelter to the dead, 
and beneficent because she nurtures the sons of men with the kindly fruits of the 
earth. Beside her, though his embodiment is much less clearly defined, stands 
a male deity, her consort, and by a process of magic, mimetic, sympathetic, or 
homoeopathic, their union secures the fertility of the animal and vegetable creation. 

Much, however, remains to be done before the problems of this complex 
polytheism can be fully solved. The action of archaic religions, as has been 
well said, Hakes iilace in the mysterious twilight of sub-consciousness’; and the 
foreign ob.server i.s trammelled by the elaborate system of tabu with which the 
Himlu veils the performance of his religious rites. This feeling extends to all 
classes, and the ceremonial of the jungle shrines is as little open to examination 
as the fcmitralia of the greater temples. The great army of mendicant friars 
jealously conceals the secrets of its initiation, rites, and beliefs, and this field 
of Indian religious life remains practically unworked. Much may be, done by 
the training of a body of native observers who are not subject to the tabu 
imposed upon the foreigner. Here the difficulty lies in the contempt displayed 
by the higher educated classes towards the beliefs and usages of the lower tribes. 
There are some indications that this feeling is passing away, and in recent years 
much useful ethnological work has been done by native scholars. 

The problems of ethnology, so far as they are concerned with the origin of 
prehistoric races and their relation to the existing population, are more or less 
academic. Ethnography, which examines the religious, cultural, and industrial 
conditions of the people, has more practical uses. At the present time it is 
incumbent upon us to preach, in season and out of season, that the information 
which it is competent to supply is the true basis of administrative and social 
reform. If, for example, we were now in possession of the facts which an 
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anthropometrical survey of our lioirie population would supply, many of our 
social problems would assume a clearer^ aspect. Such, for instance, are the 
questions of degeneration due to slum life and malnutrition, the influence of 
alcoholism on industrial efficiency, the condition of dangerous and sweated 
industries, and that of the aliens settled in our midst. It is characteristic of 
the genius of the English people, that while we are not yet prepared to admit 
the need of such a survey, the provision of medical inspection and relief for 
children in elementary schools will soon render it inevitable. 

This is more clearly the case in those regions where a large native population 
is controlled by a small European minority. The Negro question in America 
teaches us a useful lesson, applicable to native races in rnost parts of the Empire. 
In India, whenever the Government has made really serious mistakes, the failure 
has been due to ignorance or disregard of the beliefs or prejudices of the subject 
people. A little more than a century ago a mutiny of native troops at Vellore 
was’ due to injudicious attempts to change a fom of headdress which they 
believed to be a symbol of their religion or caste ; ignorance of the condition of 
the Santals allowed them to be driven to frenzy by the extortions of moneylenders 
which culminated in a serious outbreak; the greased cartridges of the Great 
Mutiny, and the revolt against measures, adopted in defiance of native feeling 
to check the plague epidemic, teach a similar lesson. 

In India at the present time ‘ the old order changeth, yielding place to new ’ ; 
and at no period in the history of our rule was it more necessary to effect a 
reconciliation between the foreigner and the native. While the tabus of marri^e 
relations and commensality will for an indefinite period prevent the amalgamation 
of the races, much of the present disquiet js due to ignorance and misunderstand- 
ing on both sides. The religious and social movements now in progress deserve 
the attentive study of the British people. In religion various attempts are being 
made to free Hinduism from some of its most obvious corruptions, to harmonise 
Eastern and Western ideals, and to elevate the former so as to enable them to 
resist the pressure of the latter. Such is Vedantism, a revival of the ancient 
pantheistic philosophy, which not only claims supremacy in India, but asserts 
that its mission is to replace the dying faiths of the Western world. The spread 
of monotheism, as represented by Bhagavata beliefs, is equally noteworthy ; and 
the effect of the revival of the cults of Ganpati, god of luck, and of Sivaji, the 
Mahratta hero, on the political situation in the Deccan deserve the most careful 
consideration. 

The social movement is the result of that fermentation whicffi is in progress 
ainong the subject peoples in many parts of the world. While the educated 
Indian claims social equality with the foreigner, he is occupied with a serious 
problem at his own doors. The degraded castes, popularly called the ‘untouch- 
ables,’ are revolting against the obloquy which they have long endured at the 
hands of the higher races. Many of them have sought relief by joining the 
Christian or Muhammadan communities, and the process of conversion is so 
remarkable as to excite the surprise and alarm of the orthodox classes. Measures 
have been designed to improve their almost intolerable position. It remains to 
be seen how far any concessions whicl;i are likely to satisfy them can be reconciled 
with the ideals of the caste system. 

It is true that the people of India prefer to celebrate many of their religious 
and social rites free from observation of the foreigner, and that there are for- 
bidden chambers in the Oriental mind which no stranger may enter. But the 
experience of those best qualified to_ express an opinion is that a sympathetic 
interest in the religious and social life of the people, so far from tending to 
increase the existing tension, is a valuable aid towards the promotion of mutual 
goodwill and sympathy. Orthodox native States not only show no aversion to 
ethnographical inquiry, but are themselves actively engaged in such surveys. 
Even the Bajputs, who ordinarily display little taste for scientific work, are 
Beginning to undertake the collection of the bardic chronicles which embody their 
tribal folk-lore and traditions. 

When the divergencies in the beliefs and institutions of the foreigner and 
the indigenous races are realised and understood, a compromise must be effected, 
each side discarding some hereditary prejudices— the Hindu that aversion to the 
manners and customs of the European which is the chief barrier to the promotion 
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of intercourse between the races; the European that insularity of thought which 
makes it difficult for him to understand all that is valuable in novel types of 
belief and culture, as well as that lack of imagination which inclines him to 
exaggerate what seems to him intolerable in the economical condition, the social 
organisation and beliefs of races whose environment differs from Hs own. 

Anthropology has thus a practical as well as a scientific side. The needs of 
inquirers whose interest mainly lies in the investigation of survivals and in the 
stages of evolution in culture and belief can, as I have endeavoured to show, be 
met only by the adoption of improved methods of inquirj and a more rigorous 
dissection of evidence. Unfortunately the inadequate resources of the societies 
devoted to the study of man, as contrasted with the extent of the sphere of 
inquiry and the importance of the savage or semi-savage races as factors in the 
progress of the Empire, prove that the practical value of anthropology is as yet 
only imperfectly realised, If its progress is to be continuous we must convince 
the politician that it has an important part to play in the schemes in which he is 
interested. Thus it is certain that in the near future the relations between the 
foreigner and the native races will demand the increasing attention of statesmen 
at home and abroad. Here anthropology has a wide field of action in the 
examination of the causes which menace the very existence of the savage; of the 
condition of the mixed races, like the Creole or the Eurasian ; of the relations of 
native law and custom to the higher jurisprudence; of the decay of primitive 
industries in the face of industrial competition. One of its chief tasks must be 
the examination of the physical and moral condition of the depressed classes of 
our home population, and the effect of modern systems of education on the mind 
and body of the child. It will thus be in a position to assist the servants of the 
State to meet the ever-increasing responsibilities imposed upon them; and it will 
help to dispel the ignorance and misconceptions which prevail even among the 
intelligent classes in this country in regard to the condition of the native races, 
who, by a strange decree of destiny, have been entrusted to their charge. By such 
practical contributions to the welffire of humanity it will not only secure the 
popular interest which is a condition of efficiency, but engage the ever-increasing 
attention of those to whom its scientific side is of paramount importance. 
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The rocord of investigiition of the phenomena of the life of animal and vegetable 
cells for the hist eighty years constitutes a body of knowledge which is of 
imposing magnitude ana of surpassing interest to- all who are concerned in the 
studies that bear on the organic world. The results won during that period will 
always constitute, as they do now, a worthy memorial of the intense enthusiasm 
of the scientific spirit which has been a distinguishing feature of the last six 
decades of the nineteenth century. We are to-day, in consequence of that 
ai.'tivity, at a point of view the attainment of which could not have been pre- 
dicted half a century ago. 

This body of knowledge, this lore which we call cytology, is still with all this 
achievement in one reapcft an undeveloped science. It is chiefly — nay, almost 
wholly—cont-erncd with the structural or morphological side of the cell, while of 
the functional phenomena our knowledge is only of the most general kind, and 
the reason is not far to seek. What little we know of the physiological side of 
the coll — as, for example, of cellular secretion, absorption, and nutrition — has 
only to a very limited extent been the outcome of observations directed to that 
end. It is in very great part the result of all the inferences and generalisations i 
drawn from the data of morphological research. This knowledge is not the less 
valuable or the loss certain because it has been so won, but simply because of its 
source and of the method by which we have gained it, it is of a fragmentary 
character, and therefore loss satisfactory in our estimation. 

Thifi state of our knowledge has affected — or, to express it more explicitly, has 
fashioned— our concept of living matter. When we think of the cell it is 
idealised as a inorphol(tgi<‘al element only. The functional aspect is not ignored, 
but we know \<>ry little about it, and we veil our ignorance by classing its 
manifestations as vital phenomena. 

It is true that in th<‘ last twenty years, and more particularly in the last ten, 
we have gathered something from biochemical research. We know much con- 
cerning ferment or catalytic action, of the physical characters of colloids, of the 
constitution of protidn.s, and their synthesis in the laboratory promises to be an 
achievement of the near future. Wo are also in a position to understand a little 
niore clearly wliat haijpems in proteins when, on decomposition in the cell, they 
yield the waste pnaluctH, urea, and other metabolites, with carbon dioxide and 
water. Further, fata can ho formed in the laboratory from glycerine and fatty 
acids, a large number of whicli have also been synthesised, and a very large 
majority of the sugars of the aldohoxose typo have been built up from simpler 
compounds, 'rheso facts indicate that some of the results of the activity of 
animal and vegetable cells may be ))aralleled in the laboratory, but that is as far 
as the re.Hemblance extends. The methods of the laboratory are not as yet those 
of nature. In tbe formation of carbohydrates, for example, the chlorophyll- 
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holding cell makes use of processes of the most speedy and effective character, 
but nothing of these is known to us except that they are quite unlike the pro- 
cesses the laboratory employs in the artificial synthesis of carbohydrates. Nature 
works unerringly, unfalteringly, with an amazing economy of material and 
energy, while ‘our laboratory syntheses ai^ but roundabout ways to the waste 
eink.’ 

In consequence, it is customary to regard living matter as unique — sua gej^em, 
as it were, without an analogue or parallel in the inorganic world— and the 
secrets involved in its actions and activities as insoluble enigmas. Impelled by 
this view there are those, also, who postulate as an explanation for all these 
manifestations the intervention in so-called living matter of a force otherwise 
and elsewhere unknown, biotic or vital, whose action is directed, according to the 
character of the structure through which it operates, to^ the production of the 
phenomena in question. Living protoplasm is, in this view, but a mask and a 
medium for action of the unknown force. 

This is an old doctrine, but it has again made headwmy in recent years owing 
to the reaction from the enthusiasm which came from the belief that the applica- 
tion of the known laws of physics and chemistry in the study of living matter 
would explain all its mysteries. A quarter of a century ago hopes were high 
that the ' solution of these problems would soon be found in a more profound 
comprehension of the laws of the physical world. Since then there has been an 
extraordinary increase in our knowledge of the structure and of the products of 
the activity of living matter without a corresponding increase in knowledge of 
the processes involved. The obscurity still involving the latter appears all the 
greater because of the high lights thrown on the former. ^ Despair, in conse- 
quence, has taken the place erf hope with some, and the action of a mysterious 
force is invoked to explain a mystery. 

It may be admitted that our methods of investigation are very inadeejuate, 
and that our knowledge of the laws of matter, seemingly comprehensive, is not 
at present profound enough to enable us to solve all the problems involved in the 
vital phenomena. The greatest factor in the difficulty of their solution, how- 
ever, has been the fact that there has been a great lack of investigators specially 
trained not only in biology, but also in physics and chemistry, for the very 
purpose of attacking intelligently such problems. The biologists, for want of 
such a wide training, have emphasised the morphological aspect and the readily 
observable phenomena of living matter; while the physicLst and chemist, know- 
ing little of the morphology of the cell and of its vital manifestations, have 
been unable to apply satisfactorily the principles of their sciences to an under- 
standing of its processes. The high degree of specialism which certain depart- 
ments of biology has in recent years developed has made that difficulty greater 
than it was. 

It must also be said that in some instances in which the physicist and 
chemist attempted to aid in the solution of biologitsal problems the result on 
the whole has not been quite satisfactory. In, for example, the phenomena of 
osmosis the application of Arrhenius’ theory of ionisation and van ’t Hoff’s gas 
theory of solutions promised at first to explain all the processes' and the results 
of diffusion through animal membranes. These theories were supported by such 
an array of facts from^ the side of physics and physical chemistry that there 
appeared to be no question whatever regarding their universal validity, and their 
application in the study of biological phenomena was urged with ac(‘laim by 
physical chemists and eagerly welcomed by physiologists. The result in all 
cases was not what was expected. Diffusion of solutes, act:ordiug to the theories, 
should, if the membrane is permeable to them, always be from the fluid where their 
concentration is high to that in which it is low. This appears to happen in a 
number of instances in the case of living membranes — or, at least, we may assume 
that it occurs— but in one signal instance at least the very reverse normally obtains. 
In the kidney, membranes formed of cells constituting the lining of the glomeruli 
and the renal tubules sepai'ate the urine, as it is being formed, from the blood 
plasma and the lymph circulating through the kidney. Though the excreted fluid 
is derived from the plasma and lymph, it is usually of much greater osmotic con- 
centration than the latter. 

It may be urged that this and other discrepancies are explained by the dis- 
tribution (or partition) coefficient of the solutes responsible for the greater con* 
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cenfcration of the product of excretion, these solutes being more soluble in the 
excreted medium than in the blood plasma and distributing or diffusing them- 
selves accordingly. If such a principle is applicable here as an explanation, it 
may be quite as much so in other physiological cases in which the results are 
supposedly due only to the forces postulated in the theories of van ’t Hoff and 
Arrhenius. Whether this be so or not, the central fact remains that the enthusi- 
astic hopes with which the theories were applied by physiologists and biologists 
in the explanation of certain vital phenomena have not been wholly realised. 

The result has been a reaction amongst physiologists and biologists which 
has not been, the least contributory of all the causes that have led to the present 
revival of vitalism. 

Another difficulty in accounting for the vital phenomena has been due, until 
recently, to a lack of knowledge of the physical and chemical properties of 
colloids and colloidal ‘solutions.’ The importance of this knowledge consists in 
the fact that protoplasm, ‘ the physical basis ’ of life, consists mainly of colloids 
and water. Till eleven years ago what was known regarding colloids was 
derived chiefly from the researches of Graham (1851-62), Ljubavin (1889), Barus 
and Schneider (1891), and Linder Picton (1892-97), who were the pioneers in 
this line, ^ In 1899 were published the observations of Hardy, through whose 
investigations very great progress in our knowledge of colloids was made. In 1903 
came the invention of the ultramicroscope by Siedentopf and Zsigmondy, by which 
the suspension character of colloid material in its so-called ‘ solutions ’ was visually 
demonstrated. During the last seven years a host of workers have by their 
investigations greatly extended our knowledge of the physical and chemical 
properties of colloids, and now the science of Collochemistry bids fair, the more it 
develops, to play a very important part in all studies bearing on the constitution 
and properties of living matter. 

Then, also, there are the phenomena of surface tension. This force, the 
nature of which was first indicated by Segner in 1751, and described with more 
detail by Young in 1804 and La Place in 1806 in the expositions of their theories 
of capillarity, was first in 1869 only casually suggested as a factor in vital pro- 
cesses by Engclmunn. Since the latter date and until 1892, when Biitschli pub- 
lished his observations on protoplasmic movement, no serious effort was made 
to utilise the principle of this force in the explanation of vital phenomena. Even 
to-day, whcai we know more of the laws of surface tension, it is only introduced 
as an imadental factor in speculations regarding the origin of protoplasmic move- 
ment and muscular contraction, and yet it is, as I shall maintain later on in 
this address, the most powerful, the most important of all the forces concerned 
in the life of animal and vegetable cells. 

It may be gathered from all that 1 have advanced here that the chief defect in 
biological research has been, and is, the failure to apply thoroughly the laws of 
the physical world in the <‘xplanation of vital phenomena. Because of this too 
much empha.sis i.s placed ou the division that is made between the biological and the 
physical sciem-cs. This division i.s very largely an artificial one, and it will in all 
probability Ih^ maintained eventually only as a convenience in the classification of 
the sciences. The biologi-st and physiologist have to deal with problems in which 
■a wide rang4‘ of knowle<Ige h nece.ssary for their adequate treatment; and, if the 
individual investigator has not a very extensive ti'aining in the physical sciences, 
it is impossible for him to have at his command all the facts bearing on the subject 
■of his rc.Htjarch, unlc.ss the problem involved be a very narrow one. The lack of 
this wide kuuwle(lg<‘ of the physical sciences tends to specialism, and, as the 
speciali.sm i.s ever growing, it will produce a serious situation eventually, for it 
will develop a c(mdition in the scientific world in which co-ordination of effort and 
a broad outlook will much more ditfieult than is the case now. 

This gretwing defect in the biological sciences can only be lessened by the 
insistence of fhost‘ in charge of advanced courses in biological and physiological 
laboratorie.H that only they who.st» training is of a very wide character should be 
allowed to take up research. It is, perhaps, futile to expect that such a rule will 
ever be enfureet!, ftir in the keen competition between universities for young 
teachers who Imvc ma<le some retmtation for original investigation there may not be 
too dose a scrutiny of the <piiiiifi<*ations of those who offer themselves for post- 
graduate courses. ' Tluua* is. further, the difficulty that the heads of scientific 
depaxtmeiite are not desiroue of limiting tho output of new pvAm 



4 


TEANSACTIONS OF SECTION I. 


their laboratories by insisting on the wider training for the men of science who 
are in the process of developing as students of research. 

It is perhaps true, also, that there still remains a great deal unobserved or 
unrecorded in the fields of biology, physiology, and biochemistry, in the investiga- 
tion of all of which a broad training is not specially required to give good 
service ; and that, further, this condition will obtain for one or two decades stili. 
It is quite as certain, however, that the returns from such service will tend to 
diminish in number and value, and, if the coming generation of workers is not 
recruited from a systematically and broadly trained class of students, a period 
of comparative sterility may supervene. 

As it is to-day, there are few who devote themselves to the direct study of 
the chemical and physical properties of the cell, the fundamental unit of living 
matter. There are, of course, many who are concerned with the morphology of 
the cell, and who employ in their studies the methods of hardening and staining 
which have been of very great service in revealing the structural as well as the 
superficial chemical properties of the cell. On the facts so gained views are 
based which deal with the chemistry of tho cell, and which are more or less 
widely accepted, but the results and generalisations drawn from them give us 
but little insight into the chemical constitution of tho cell. We recognise in tho 
morphologists’ chromatin a substance which has only in a most general way an 
individuality, while the inclusions in the nucleus and the cytoplasm, on whose 
distinction by staining great emphasis is laid, can only in a most superficial way 
be classified chemically. 

The results of digestion experiments on the cell stnu;tures are also open to 
objection. The action of pepsin and hydrochloric acid must depend very largely 
on the accessibility of the material whose character is to be determined. 
If there are membranes protecting cellular elements, pepsin, which is a colloid, if 
it diffuses at all, must in .some cases at least penetrate them with difficulty. In 
Spirogijra, for example, the external membrane formed of a thick layer of 
cellulose is impermeable to pepsin, but not to tho acid ; and, in consequence, the 
changes which occur in it during peptic digestion arc due to the acid alone. 
Even in the coll whose periphery is not protected by a membrane, the insoluble 
colloid material at the surface serves as a barrier to tho free entram-e of the 
pepsin. It is, however, more particularly in the action on the nucleus and its 
contents that peptic di^^estion fails to give results which can bo regarded as free 
from objection. Here is a membrane which during life serves to keep out of the 
nucleus not only all inorganic salts but also all organic compounds, except chiefly 
those of the class of niicleo-protoins. That such a membrane may, when the 
organism is dead, be permealyle to pepsin is at least open to question, and in 
consequence what wo see in the nucleus after tho coll has been acted on by 
pepsin and hydrochloric acid cannot bo adduced as ovidonco of its chemical or 
even of its morphological character. 

The results of digestive experiments on cells are, thorefore, misleading. 
What may from them appear as nucleo-protein may be anything but that, while, 
if the pepsin penetrates as readily as the acid, there should be left not nucleo- 
protein, but pure nucleic acid, which should not stain at all. 

The objections which T now urge against the conclusions drawn from the results 
of digestion experiments have developed out of my own observations on yeast cells, 
diatoms, Sfirogyra, and especially the Blue-green Alga*. Tho latter are, as is 
^pirogyra, encased in a membrane which is an effective barrier to all colloids. 
When, therefore, threads of Os^nUaria are subjected to the acticni of artificial 
gastric juice, a certain diminution in volume ia observed owing to tho dissolving 
power of the hydrochloric acid, and an alteration of tho staining power of certain 
structures is found to obtain, but the pepsin has nothing to do with these, as may 
be determined by examination of control preparations treated with a solution 
of hydrochloric acid alone. 

It is thus seen how slender is our knowledge of the chemi.stry of colls derived 
from staining methods and from digestion experiments. That, however, has not 
been the worst result of our confidence in our methods. It has led cytologists to- 
rely on these methods alone, to leave undeveloped others which might have thrown 
great light on the chemical constitution of the cell, and which might have enabled 
us to understand a little more dearly the causation of some of the vital 
phenomena. 
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It was the futility of some of the old methods that led me, twenty years ago, 
to attack the chemistry of the cell from what appeared to me a correctly chemical 
standpoint. It seemed to me then, and it appears as true now, that a diligent 
search for decisive chemical reactions would yield results of the very greatest 
importance. In the interval I have been able to accomplish only a small fract on 
of what I hoped to do, but I think the results have justified the view that, if there 
had been many investigators in this line instead of only a very few, the science 
of Cytochemistry would play a larger part in the solution of the problems of cell 
physiology than it now does. 

The methods and the results are, as I have said, meagre, but they show 
distinctly indeed that the inorganic salts are not diffused uniformly throughout 
the cell; that in vegetable cells they are rigidly localised, while in animal cells, 
except those devoted to absorption and excretion, they are confined to specified 
areas in the cell. Their localisation, except in the case of inorganic salts of iron, 
is not due to the formation of precipitates, but rather to a condition which is the 
result of the action of surface tension. This seems to me to be the only ex- 
planation for the remarkable distribution, for example, of potash salts in 
vegetable cells._ We know that, except in the chloroplatinate of potassium and 
in the hexanitrite of potassium, sodium and cobalt, potassium salts form no pre- 
cipitates; and yet, in the cytoplasm of vegetable cells, the potassium is so 
localised at a few points as to appear at first as if it were in the form of a pre- 
cipitate. In normal active cells of Sprogym it is massed along the edge of the 
chromotophor, while in the mesophyllic cells of leaves it is condensed in masses 
of the cytoplasm, which are by no means conspicuous in ordinary preparations 
of these cells. 

This effect of surface tension in localising the distribution of inorganic salts 
at points in the cytoplasm would explain the distribution of potassium in motor 
structures. In striated muscle the element is abundant in amount, and is confined 
to the dim bands in the normal conditions. In Vorticella, apart from a minute 
quantity present at a point in the cytoplasm, it is found in very noticeable 
amounts in the contractile stalk; while in the Holotrichate Infusoria {Para- 
mmiuni) it is in very intimate association with the basal elements of the cilia in 
the ectosarc. This, indeed, would seem to indicate that the distribution of the 
potassium is closely associated with contraction, and, therefore, with the pro- 
duction of energy in contractile tissues. The condensation of potassium at a 
point may, of course, be a result of a combination with portions of the cytoplasm, 
but we have no knowledge of the occurrence of such compounds ; and, further, 
the presence of such does not explain anything, or account for the liberation of 
energy in motor contraction. On the other hand, the action of surface tension 
would explain not only the. localisation of the potassium but also the liberation 
of the energy. 

In vessels holding fluids the latter, in relation to surface tension, have 
two surfaces — one free, in contact with the air, and known as the air-water sur- 
face; the other, that in contact with the wall of the containing vessel (glass). In 
the latter the tension is lower than in the former. When an inorganic com- 
pound— -a salt, for example — is dissolved in the fluid it increases the fension at 
the air-water surfa<je, but its dilution is much greater here than in any other 
part of the fluid; while at the other surface its concentration is greatest. In 
the latter ease the condition is. of the nature of adsorption. The condensation on 
that portion of the surfac*e where the tension is least is responsible for what we 
find when a solution of a coloured salt, as, e.g,, potassium permanganate, is 
driven through a layer of dry sand. If the latter is of some considerable thick- 
ness the fluid as it passes out is colourless. The air-solution surface tension is 
higher than the tension of each of the solution-sand surfaces on which, therefore, 
the permanganate condenses or is adsorbed. The same phenomenon is observed 
when a long strip of filter paper is allowed to hang with its lower end in contact 
with a moderately dilute solution of a copper salt. The solution is imbibed by 
the filter paper, and it ascends a certain distance in a couple of minutes, when 
it may be found that the uppermost portion of the moist area is free from even 
a trace of copper salt. 

If, on the other hand, an organic^ compound— as, for instance, one of the bile 
salts— instead of an inorganic compound is dissolved in the fluid, the surface 
tension of the air- water surface is reduced, and in consequence the bile salt is- 
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concentrated at that surface ; while in the remainder of the fluid, and particu^ 
larly in that portion of it in contact with the wall of the vessel, the concentra- 
tion is reduced. 

The distribution of a salt in such a fluid, whether it lowers surface tension or 
increases it, is due to the action of a law which may be expressed in words to 
the effect that the concentration in a system is so adjusted as to redupe the energy 
at any point to a minimum. 

Our knowledge of’ this action of inorganic and organic substances on the 
surface tension in a fluid and of the differences in their concentrations throughout 
the latter was contained in the results of the observations on gas mixtures by 
J. Willard Gibbs published in 1878. The principle as applied to solutions was 
independently discovered by J. J. Thomson in 1887. It is known as the Gibbs’’ 
principle, although the current enunciations of it contain the more extended 
observations of Thomson. As formulated usually it is more briefly given, and 
its essential points may be rendered in the statement that when a substance on 
solution in a fluid lowers the surface tension of the latter the concentration of the 
solute is greater in the surface layer than elsewhere in the solution; but when the 
substance dissolved raises the surface tension of the fluid, the concentration of 
the solute is least in the surface layers of the solution. 

It is thus seen how in a system like that of a drop of^ water with different 
contact surfaces the surface tension is affected and how this alters the distribu- 
tion of solutes. It is further to be noted that for most organic solutes the action 
in this respect is the very reverse of that of inorganic salts. Consequently, in a 
living cell which contains both inorganic and organic solutes, and in which there 
are portions of different composition and density, the equilibrium may be subject 
to disturbance constantly through an alteration of the surface tension at any point. 
Such a disturbance may be found in a drop of an emulsion of olive oil and 
potassium carbonate in the well-known experiments of Biitschli. When the 
emulsion is appropriately prepared, a minute drop of it, after it is surrounded with 
water, will creep under the cover glass in an amoeboid fashion for hours, and 
the movement will be more marked and rapid when the temperature is raised to 
40 to 50° C. All the phenomena manifested arc due to a lowering of the surface 
tension at a point on the surface, as a result of which there is protrusion there 
of the contents of the drop, accompanied, Butschli holds, by streaming cyclic 
currents in the remainder of the mass. 

Surface tension also, according to J. Traube, is ull-importiuit in osmosis, and 
he holds that it is the solution pressure {Haftdruck) of a substance which 
determines the velocity of the osmotic movement and the direction and force 
of the osmotic pressure. The solution pressure of a substance is measured by 
the effect that substance exercises when dissolved on the surface tension of its 
solution, or, to put it in Traube’s own way, the more a subsfeince lowers or raises 
the surface tension of a solvent (water) the less or greater is the solution pressure 
[Baftdruch) of that substance. This solution pressure, Traube further holde, is 
the only force controlling osmosis through a membrane, and he rejects complexly 
the bombardment effect on the septum postulated in the van ’t Hoff theory of 
osmosis. 

The question as to the nature of the factors concerned in osmosis must remain 
undecided until the facts have lieen more fully studied from the physiological 
standpoint, but enough is now known to indicate that surface tension plays at 
least a part in it, and the omission ot all consideration of it as a factor is not by 
any means a negligible defect in the van 't Hoff theory of osmosis. 

The occurrence of variations in surface tension in the individual cells of an 
organ or tissue is difficult to demonstrate directly. We have no methods for that 
purpose, and, in consequence, one must depend on indirect ways to reveal whether 
such variations exist. The most effective of these is to determine the distribution 
of organic solutes and of inorganic salts in the e'en The demonstration of the 
former is at present difficult or even in some cases impossible. The occurrence 
of soaps which are amongst the most effective agents in lowering surfac’e tension 
may be revealed without difficulty microchemically, as may also neutral fats, 
but we have as yet no delicate microchemical tests for sugars, urea, and other 
nitrogenous metabolites, and in consequence the part they play, if any, in altering 
the surface tension in different kinds of cells, is unknown. Further research 
may, however, result in discovering methods of revealing their occurrence micro- 
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chemically m the cell. We are in a like difficulty with regard to sodium whose 
distribution we^ can determine microchemically in its chief compounds the 
chloride and phosphate, only after the exclusion of potassium, calcium’ and 
magnesium, we have, on the other hand, very sensitive reactions for potas’sium 
iron, calcium, haloid chlorine, and phosphoric acid, and with methods based on 
these reactions it is possible to localise the majority of the inorganic elements 
which occur m the living cell. 

By the use of these methods we can indirectly determine the occurrence of 
differences in surface tension in a cell This determination is based on the 
deduction from the Gibbs-Thomeon principle that, where in a cell an inorganic 
element or cornpound is concentrated, the surface tension at the point is lower 
than it is elsewhere in the cell If, for example, it is concentrated on one wall of a 
cell the surface tension there is less than on the remaining surfaces or walls of the 
cell. The thickness of this layer must vary with the osmotic concentration in the 
cell, with the specific composition of the colloid material of the cytoplasm and 
with the activity of the cell, but it should not exceed a few hundredths of a 
millimetre (0 02-^04 mm.), while it might be very much less in an animal cell 
whose greatest diameter does not exceed*20 fi . 

Numeious examples of such localisation may be observed in the confervoid 
Protophyta. In Ulothrix, ordinarily, there is usually a remarkable condensation 
of tne potassium at the ends of the cell on each transverse wall. The surface 
tension, on the basis of the deduction from the Gibbs-Thomson principle, should 
be, in^ all the.se cases, high on the lateral walls and low on those surfaces 
adjoining the transverse sepia. 

The use of this deduction may be extended. There are in cells various inclu- 
sions whose composition gives them a different surface tension from that prevailing 
in the external limiting area of the cell. Further, the limiting portion of the cyto- 
plasm in contact with these inclusions must have’surface tension also. When, there- 
fore, we find by microcheniical means that a condensation of an inorganic element 
or compound obtains immediately within or without an inclusion, we may conclude 
that there, as compared with the external surface of the cell, the surface tension 
is low. It may be urged that the condensation is due to adsorption only, but this 
objection cannot hold, for in the Giblis-Thomson phenomena the localisation of 
the solute at a part of the surfacie as the result of high tension elsewhere of the. 
solution is, in all probability, due to adsorption, and is indeed so regarded.^ 

It is in this way that we can explain the remarkable localisation of potassium 
in the cytoplasm at the margins of the chromatophor in Sfirogyra and also the 
extraordinary quantities ot potassium held in or on the inclusions in the meso-' 
phyllic cells of leaves. Jn infusoria {VorticcUa^ Parmiwecium) the potassium 
present apart from that in the .stalk or ectosarc is confined to one or more small 
granules or mas.se.s in the (!ytoi>iu.sm. 

How important a factor this is in clearing the active portion of the cytoplasm 
of compounds which might hamper its action, a little ■ consideration will show. 
In plants very large quantities of salts are carried to the leaves by the sap from 
the roots, and among these salts those of potassium are the most abundant as 
a rule. Reaching the leaves these salts do not return, and in consequence during 
the functional life of the leaves they accumulate in the mesophyllic cells in very 
large quantities, which, if they were not localised as described in the cell, would 
affect the whole tytoplasm and alter its action. : 

Enough has been advanced here to indicate that surface tension is not a minor 
feature in cell life. I would go even farther than this and venture to say that 
the energy evolved in mus(!ular c'ontraction, that also involved in secretion and' 
excretion, the fon-e concerned in the phenomena of nuclear and cell division, and 
that force als<} engaged by the nerve cell in the production of a nerve impulse 
are but manifestations of aurfac'e tension. On this view the living cell is but a 
machine, an engine, for transforming potential into kinetic and other forms of 
energy, through or by changes in its surface energy. 

To present an ample defence of all the parts of the thesis just advanced is. 
more than I propo.se to do in this address. That would take more time than is 
customarily allowed on .such an occa.sion, and I have, in consequence, decided 
to confine my observations to outlines of the points as specified. 

Boo Freundlioh, Kuj>illarclhm\6j p. 60, 1909. 
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It is not a new view that surface tension is the source of the muscular con- 
traction. As already stated, the first to apply the explanation of this force as a 
factor in cellular inovenient was Engelinann in 1369, who advanced the view that 
those changes in shape of cells which are classed as contractile are all due to 
that force which is concerned in the rounding of a drop of fluid. The same view 
was expressed by Eindfleisch in 1880, and by Berthold in 1886, who' explained the 
protoplasmic streaming in cells as arising in local changes of surface tension 
between the fluid plasma and the cell sap, but he held that the movement and 
streaming of Ammhct and Plasmodke are not to be referred to the same causes as 
operate in the protoplasmic streaming in plant cells. Quincke in 1888 applied the 
principle of surface tension in explaining all protoplasmic movement. In his 
view the force operates, as in the distribution of a drop of oil on water, in 
spreading protoplasm, which contains oils and soaps, over surfaces in which the 
tension is greater, and as soap is constantly being formed, the layer containing it, 
having a low tension on the surface in contact with water, will as constantly 
keep moving, and as a result pull the protoplasm with it. The movement of the 
latter thus generated will be continuous and constitute protoplasmic streaming. 
In a similar way Biitschli explains the movement of a drop of soap emulsion, 
the layer of soap at a point on the surface of the spherule dissolving in the water 
and causing there a low tension and a streaming of the water from that point 
over the surface of the drop. This produces a corresponding movement in the 
drop at its periphery and a return central or axial stream directed to the point 
on the surface where the solution of the soap occurred and where now a protrusion 
of the mass takes place resembling a pseudopodium. In this manner, Biitschli 
holdfi, the contractile movements of Atrmhfc are brought about. In these the 
chylema or fluid of the foam-like structure in the protoplasm is alkaline, it con- 
tains fatty acids and, in consequence, soaps arc present which, through rupture 
of the superficial vesicles of the foam-like structure at a point, are discharged on 
the free surface and produce there the diminution of surface tension that calls 
forth currents, internal and external, like those which occur in the case of the 
drop of oil emulsion. 

The first to suggest that surface tension is a factor in muscular contraction was 
D’Arsonval, but it was Imbert who, in 1897, directly applied the principle in 
explanation of the contractility of smooth and striated muscle fibre. In his 
view the primary conditions are different in the former from what obtain in the 
latter. In smooth muscle fibre the extension is determined, not by any force inside 
it, but by external force such as may distend the organ (intestine, bladder, and 
pteries) in whose wall it is found. The ' stimulus ’ which canses the contraction 
increases the surface tension between the surface of the fibre and the surrounding 
fluid, and this of itself has the effect of making the fibre tend to become more 
spherical or shorter and thicker, which change in shape does occur during con- 
traction. He did not, however, explain how the excitation altered the surface 
tension, except to say that its effect on surface tension is like that of electricity, 
with which the nerve impulse presents some analogy. In striated fibre, on the 
other hand, the discs consfituting the light and dim bands have each a longitu- 
dinal diameter which is an effect of its surface tension, and this causes extension 
of the fibre during rest. When a nerve impulse reaches the fibre the surface 
tension of the discs is altered and there r'^teults a deformation of each involving 
a shortening of its longitudinal axis and thus a shortening of the whole fibre. 

According to Bernstein, in both smooth and striated muscle fibre there is, in 
addition to surf ace tension, an elastic force residing in the material composing the 
fibre which, according to the conditions, sometimes opposes and sometimes assists 
the surface tension. The result is that in the muscle fibre at rest the surface 
must exceed somewhat that of the fibre in contraction. In both conditions the 
sum of the two forces, surfape tension and elasticity, must be zero. In contraction 
the surface tension increases and with it the elasticity also. Taken as a whole 
this would not explain the large force generated in contraction, for the energy 
liberated would be the product of the surface tension and the amount representing 
the diminution of the surface due to the contraction. As the latter is very small 
the product is much below the amount of energy in the form of work done 
actually manifested. To get over this difiSculty Bernstein postulates that in 
luusde fibres, whether smooth or striated, there are fibrils surrounded by sarco- 
plasma, and that each fibril is. formed of a number of cylinders or biaxial 
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ellipsoids singly disposed in the course of the fibril, but separated from each 
other by elastic material and surrounded by sarcoplasma. Between the ellipsoids 
and the sarcoplasma there is considerable surface tension which prevents mixture 
of the substances constituting both. The excitation through the nerve impulse 
causes an increase of surface tension in these ellipsoids, and they become more 
spherical In consequence the decrease in surface of all the ellipsoids constituting 
a fibril is much greater than if the fibril were to be affected as an individual 
unit only by an increase of surface tension, and thus the surface energy developed 
would be correspondingly greater. The ellipsoids, Bernstein explains, are not to 
be confused with the discs, singly and doubly refractive in striated fibre ; for these, 
he holds, are not concerned in the generation of the contraction but with the 
processes that make for rapidity of contraction. The extension of a muscle after 
contraction is due to the elastic reaction of the substance between the ellipsoids in 
the fibrils. Bernstein further holds that fibrils of this character occur in the 
protoplasm of in the stalk of Vofticella, and in the ectoplasma of 

SUntof, and this explains their contractility. 

It may be said in criticism of Bernstein’s view that his ellipsoids are from 
their very nature non- demonstrable structures and, therefore, must always remain 
as postulated elements only. Further, it may be pointed out that he attributes 
too small a part to surface tension in the lengthening of the fibre after contrac- 
tion, and that the elasticity which muscle appears to possess is, in the last analysis, 
but a result of its surface tension. 

As regards Quincke’s explanation of protoplasmic movement and streaming, as 
well as of muscular contraction, Biitschli has shown that it is based on a mistaken 
view of the structure of the cell in Chora and other plant forms in which proto- 
plasmic streaming occurs. Biitschli’s own hypothesis, however, is defective in 
that it postulates a current in the fluid medium just outside the Amo&ha and 
backward over its surface, the existence of which Berthold denies, and Biitschli 
himself has been unable to demonstrate, even with the aid of fine carmine powder 
in the fluid. He did, indeed, observe a streaming in the water about a creeping 
Pdomyxd, but the current was in the opposite direction to that demanded by 
his hypothesis. Further, his failure to demonstrate the occurrence of the postu- 
lated bai'kllow in the water about the contracting or moving mass of an Amaaba 
or a Pdomyxa, makes it difficult to accept the hypothesis he advanced to explain 
that backflow, iiainciy, that rupture of peripheral vesicles {Wahen) of the proto- 
plasm 0 (vur.s with a con.sequent discharge of their contents (proteins, oils, and 
soaps! into the surrounding fluid. Surface tension, further, on this hypothesis 
would iKi an uncertain and wa.steful factor in the life of the cell. On a frion 
grounds also it would seem improbable that this force should be generated outside 
instead of inside the cell 

One c{»imnun defect of all these views is that they made only a limited applica- 
tion of the principle of surface tension. This was because some of its phenomena 
were unknown and esm'cially those illustrating the Gibbs-Thomson principle. 
With its aid and with tne knowledge of the dktribution of inorganic constituents 
in animal and vegetable cells that microchemistry gives us we can make a more 
extended application of surface tension as a factor in cellular life than was 
possible ten years ago. 

In regar(f to muscle fibre this is particularly true, and microchemistry has 
been of c<m8idcrable service here. From the analyses of the inorganic con- 
stituents of striated muscle in vertebrates made by J. Katz and others we know 
that potassium is extraordinarily abundant therein, ranging from three and a 
half in the ,dog to more than fourteen times in the pike the amount of sodium 
present How the potassium salt is distributed in the fibre was unknown before 
1904, in which year, by the use of a method, which I had discovered, of demon- 
strating the potassium microchemically, the element was found localised in the 
dim bands. Later and more extended observations suggested that in the dim 
band Itself, when the muscle fibre is at rest, the potassium is not uniformly 
distributed, and it was found to be the case in the wing muscles of certain of the 
insecta— as, for t^xample, the scavenger beetles— in which the bands are broad 
and conspicuous enough to permit ready observation on this score. In these the 
potassium salt was found to be localised in the zones of each dim band adjacent 
to each light buml SubsiK|uently Miss M. L. Menten, working in my labora- 
tory and using the same microchemieal method^ found the potassium similarly 
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limited m its distribution in the muscle fibres of a number of other insects. She 
determined, also, that the chlorides and phosphates have a like distribution in 
these structures, and it is consequently probable that sodium, calcium, and 
magnesium have the same localisation, 

Macdonald has also made investigations on the distribution of potassium in 
the muscle fibre of the frog, crab, and lobster, using for this purpose the 
hexanitrite reagent. He holds, as a result of his observations, that the element 
in the uncontracted fibril is limited to the sarcoplasm in the immediate' neighbour- 
hood of the singly refractive substance, while it is abundantly present in the 
central portion of each sarcomere of the contracted fibril — that is, in the doubly 
refractive material. I am not inclined to question the former point, as I have 
not investigated the microchemistry of the muscle in the crab and lobster, and 
my only criticism would be directed against placing too great reliance on the 
results obtained in the case of frog’s muscle. The latter is only very slowly pene- 
trated by the hexanitrite reagent, and, apparently because of this, alterations 
in the distribution of the salts occur and, as I have observed, the potassium 
may be limited to the dim bands of one part of the contracted fibre and may be 
found in the light bands of another part of the same. In the wing muscles of 
insects in the uncontracted condition such disconcerting results are not so readily 
obtained, owing, it would seem, to the readiness with which the fibrils may hie 
isolated and the almost immediate' penetration of them by the reagent. Here 
there is no doubt about the occurrence of the element in the zones of the dim 
band immediately adjacent to the light bands. 

Whether the potassium in the resting fibre is in the sarcoplasm or in the 
sarcostyle I would hesitate to say. It may be as Macdonald claims, but I find 
it difficult to apply in microchemical studies of mu.scle fibre the concepts of its 
more minute structure gained from merely stained preparations. Because of 
this difficulty I have refrained from using here, as localising designation.s, other 
expressions than ‘ light bands ’ and ‘ dim bands.’ The latter undoubtedly include 
some sarcoplasm, but in the case of the resting fibre I am certain only of the 
presence of potassium, as described, in the dim bund regarded avS an individual 
part, and not as a composite structure. 

Now, on applying the Gibbs-Thomson principle enunciated above, thi.s distri- 
bution would seem to indicate that in the dim band of a fibril the surface ten.sion 
is greatest on its lateral walls, in consequence of which the potassium salts are 
concentrated in the vicinity of the remaining surfaces, ic., those limiting the 
light bands. This explanation would seem to be confirmed by the ob.servations 
I made on the contracted fibrils of the wing muscles of a .scavenger beetle. In 
these the potassium was found uniformly distributed throughout each dim band, 
which, instead of being cylindrical in shape as in the resting element, is provided 
with a convexly curved lateral wall, and therefore with a smaller surface than 
the mass of the dim band has when at rest. This contour suggests that the 
surface tension on the lateral wall is lessened to an amount below that of either 
terminal surface, followed by a redistribution of the potassium salt to restore the 
equilibrium thus disturbed. The consequent shortening of the dim bands of the 
fibrils would account for the contraction of the muscle. 

How the surface tension of the lateral wall of the dim band in lessened in 
contraction is a question which can only be answered after much more is known 
of the nature of the nerve impulse as it reaches the muscle fibril, and of the part 
played by the energy .set free in the combustion process in the dim bands. . It 
may be that electrical polarisation, as a result of the arrival of the nerve impulse, 
develops on the surface of the lateral wall, and as a consequence of which its 
surface tension is diminished. The energy so lost appears as work, and it is 
replaced by enei-gy, one may suppose, derived from the combustion of the 
material in the dim band. In this case the disturbance of surface tension would 
be primary, while the combustion process would be secondary, in the order of 
time. In support of this explanation may be cited the fact that the current of 
action in muscle precedes in time the contraction itself — that is, the electrical 
response of the stimulus occurs in the latent period and immediately before the 
contraction begins. 

It may, however, he postulated, on the other hand, that the chemical changes 
occur in those parts of the dim band immediately adjacent to the light bauds,, 
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and as a result the tension of the terminal surfaces may be increased, this 
resulting in the shortening of the longitudinal axis of the dim band and the 
displacement laterally of the contents. This would imply that the energy of 
muscle contraction comes primarily from that set free in the combustion process, 
and not indirectly as involved in the former explanation. 

Whatever may be the cause of the alteration in surface tension, there would 
seem to bo no question of the latter. The very alteration in shape of the dim 
band in contraction makes it imperative to believe that surface tension is con- 
cerned. The redistribution of the potassium which takes place as described in 
the contracting fibrils of the wing muscles of the scavenger beetle can be 
explained in no other way than through the alteration of surface tension. 

In the smooth muscle fibre potassium is also present and in close association 
throughout with the membrane. When a fresh preparation of smooth muscle is 
treated so as to demonstrate the presence of potassium, the latter is shown in 
the form of a granuhir precipitate of hexanitrite of sodium, potassium, and 
cobalt in the cement substance between the membranes of the fibres. In the 
smooth muscle fibres in_ the walls of the arteries in the frog the precipitate 
in the cement material is abundant, and its disposition suggests that it plays 
some part in the role, of contraction. Inside of the membrane potassium occurs, 
but in very minute quantities, which, with the cobalt sulphide method, gives a 
just perceptible dark shade to the cytoplasm as a whole. Microchemical tests 
for the chlorides and phosphates indicate that the cytoplasm is almost wholly 
free from them, and consequently there is very little inorganic material inside of 
the fibre. Chlorides and phosphates, but more, particularly the former, are 
abundant in the cement material, and their localisation here would seem to 
indicate that the potas.sium of the same distribution is combined chiefly as 
chloride. 

In smooth mu.sc!e fibre, then, the potassium is distributed very differently 
from what it is iu striated fibre, and on first thought it seemed difficult to postulate . 
that the contraction could be due to alterations of surface tension. This, how- 
ever, would appear to be the most feasible explanation, for the potassium salts 
in the cement sub.stance might bo supposed to shift their position under the' 
influence of chu'trical force so as to reach the interior of the membranes of the ■ 
fibres, in wbi<’h case the surfaiic tension of the latter would be immediately ; 
increased and the fibre itself would in consequence at once begin to contract. 
The slowness with which this shifting into, or absorption by, the membrane of - 
the potassium salts would take pliu^e would also account for the long latent period 
of contraction in smooth muscle. 

It is of inttt!*est here to note that the potassium ions have the highest ionic 
mobility (transport number) of all the elements of the kationic class, except 
hydrogen, which are found to occur in connection with living matter. Its value 
in thi.s respect is half again as great as that of sodium, one-eighth greater than 
that of calciuni, and oiie-soventh greater than that of magnesium. This high 
migration velocity of potassium ions would make the element of special service 
in rapid changes of surface tension. 

Loew has pointed out that potassium in the condensation processes of 
the synthesis of organi<^ comiammls has a catalytic value different from that of 
80<lium. For example, ethyl aldehyde is (condensed with potassium salts to 
aldol, with sodium salts to crotonic aldehyde (Kopf and Michael). Potassium; 
is, but sodium is not, effective in the condensation of carbon monoxide. When 
phenol is ftjsed with potassium salts condensation products like diphenol are 
produced, but when stKiium salts are used the products are dioxybenzol and 
phlorogluciii (llurth). U is, therefore, nob improbable that potassium, along' 
with those properties which come from its ionic mobility, has a special value in 
the metalKdism of the dim bands of striated muscle fibre and in the condensa- 
tion synthesis whicli characterise the chromatophors of Protophyta [Sfirogyrat 
Zygnema). 

With the use this method i)f determining differences in surface tension in 
cells it is possible, in some cases at least, to ascertain whether this force plays a , 
part in both secretion and ex<*retion, and evidence in favour of this view can be 
found in the pancreatic cells of the rabbit, guinea pig, and in the renal cells of the 
frog. In the pancreatic cells there is an extraordinary condensation of potassium 
salts in the cytoplasm of each cell adjacent to the lumen of the tubule, and 
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during all the phases of activity—except, it would appear, that of the so-called 
“ resting- stage ’’—potassium salts occur in, and are wholly confined to, this part 
of each cell. It is difficailt to say whether they pass into the lumen with the 
secretion and their place taken by more from the bkxid-stream and lymph, but 
the important point is that the condensation of potassium salts immediately 
adjacent to the lumen seems to indicate a lessened surface tension on the lumen 
surface of the cell. . ... 

According to Stoklasa ^ the pancreas of the pig is much richer m potassium 
than in sodium, the dried material containing 2-Ofi i-ier cent, of potassium and (3*28 
per cent, of sodium, while the values for the dried material i)f ox muscle are, 
as he determined them, 1‘82 and {)-20 }>er cent. respectiv(‘ly. It is significant 
that in the pancreas this lai-ge amount of potassium should be localised as 
described. 

In the renal cells of vertebrates there is usually a considerable amount of 
potassium salts distributed throughout the cytojilasm. These cells are always 
active in the elimination of the ekment from the l»lot)d, and it is in 
consequence not possible to determine whether there are differences in 
surface tension in them. Under certain conditions, however, these can 
be demonstrated. In the frogs which have been kept in the laboratory 
tanks throughout the winter, and in the blood of which the inargani(* salts have 
been, because of the long })eriod of inanition, reduced to almost hypotonic pro- 
portions, the renal cells are very largely free from polas.siuni. When it is 
present it is usually diffused throughout the cytoplasm. H iiow u few cubic centi- 
metres of a decinormal solution of potassium chloride be. injccttHl into the dorsal 
lymph sacs of one of these frogs, and after twenty mjimtc.s tlu‘ animal is killed, 
appropriate treatment, with the cobalt reagent, of u thin section of the fresh 
kidney made by the carbon dioxide, freezing method, reveals in tlu‘ i-ells of certain 
of the tubules a condensation of potassium salts in the cytoplasin immediately 
adjacent to the wall of the, lumen. There is also a very slight diffuse reaction 
throughout the remainder of the (‘ytoplusiu, except in tlmt part immediafely 
adjacent to the external boundary of the tubule. In these cells the prdassiuin 
injected into the lymjth circulation is being eia-reted, ami the condensation of 
the element at or near the surface of the lumen is evidence that tiiere the tension 
is less than at the other t'.xtrcmity of tlu' cell. 

These facts are in their .signifu'ance in Hue with stanc obs<‘rvuti(m.s that 1 have 
made on the absorption of soluble salts by the intostinul mucosa In the guinea-pig. 
When the ‘peptonnte’ of iron was administewal in the food of the animal it was 
not unusual to find that in the epithelial cells of the villi the iron salt was dis- 
tributed through the cytoplasm, but its com’entration, as a rule, was great(‘st in 
the cytoplasm adjacent to the inner surface of the cell, from which it diffjised 
into the underlying tissue. Here also, iiiferontially, surface tom^ion is hnver 
than elsewhere in the cell. 

It would perhaps be unwise to form final conclusions at this stage in the 
progress of the investigation of the .subjei’t, but the results so far gained tempt 
one to adopt as a working hypothesis fm/f ht fhf> svrrffimj or thr rrU 

tomr surface temion exists at Us secreting or excreting surface than at ang' other 
point m the. ceU surfnec. How this low surface tension is <’austMl or maintained 
it is impossible to say, Imt, whatever the solution of the questitm may l>e, it is 
important to note that we must postulate the participation of this force in renal 
excretion in order to explain the formation of urines of high concmitration. These 
have a high osmotic pressure, lus measurcil by the depression of the frtH‘a;ing point, 
while the osmotic pressui*© of the blood plasma determined in the same way k low. 
On the principle of osmosis alone, as it is currently understood, this result is 
inexplicable, for the kinetic energy, as requirtal in the gtm theory of solutions, 
should not be greater, though Jt might bo less, in the urine than in th« Idood. It 
is manifest that in the formation of concentrated urines omTgy is expended. Wo 
know also from the investigations of Barcroft and Brodie that tht^ kidney during 
diuresis absorbs much more oxygen per gram weight than the body genera lly, ana 
that, assuming it is used in the combustion of a protoid, a very large amount of 
energy is set free, very much more indeed than is necessary. It has idsci been 
observed that a portion of ihe energy set free is found in a higher temperature in 

^ Stoklasa gave the values in KsO ami K%0* 
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the excretion 'than obtains in the blood itself circulating through the kidney. This 
large expenditure of energy is, probably, a result of the physiological adaptation 
of the principle of the ‘ factor of safety/ which, as Meltzer has pointed out, 
occurs in other organs of the body. 

In cell and nuclear division surface tension operates as a force, the action of 
which cannot be completely understood till we knovr more of the part played by 
the centrosoines and centrosphere. That this force takes part in cell reproduction 
has already been suggested by Brailsford Robertson. He has devised an ingenious 
experiment to illustrate its action. If a thread moistened with a solution of a 
base is laid across a drop of oil in which is dissolved some free fatty acid the drop 
divides along the line of the thread. When the latter is moistened with soap 
the drop divides in the same way and in the same plane. The soap formed in one 
case and ])re.sont in the other, it is explained, lowers the surface tension in the 
e<iuatorial ]dnne of tin? drop, and this diminution results in streaming movement 
away from that plane which bring about the division. He suggests that in cell 
division there is liberation of soaps in the plane of division which set up 
streaming movements from that plane towards the poles and terminating in the 
division of the cytoplasm of the cell. 

I have ol)serverl in the cells of Zytjnmn about to divide a remarkable condensa- 
tion of potassium in the plane of division. In the ‘resting’ cell of this Alga the 
potassium is, as a rtde. more abundant in the cytoplasm near the transverse walls 
of the thread, and only traces of the element are to be found along the line of 
future diviHiivn of the ctdl. But immediately after division has taken place the 
potassiunt is conciud rated in the plane of division. This would seem to indicate 
that surface ten.sitm in the plane of division is, as postulated by the deduction from 
the Gihh.s-'rht'mson principle, lower than it is on the longitudinal surface, and 
lower, especially, than it is on the previously formed transverse septa of the 
thread. 

Omy must nut, hmvi'ver, draw from this the conclusion that in all dividing 
cells surface tension is lower in the plane of division than it is elsewhere on the 
.surface of tin* dividing structure. All that it means is that in the dividing cell 
of Zyijnnutt tin* condition already exists along the plane of division, which subse- 
quently mukeK for low surfam* temsion in the cell membrane immediately adjacent 
to each t ram ver.se sept mu in the confervoid thread. If the evidence of low surface 
Tension vanished iumicdiately after division was complete, then it might be held 
that it determined tin* division. As it is, the low surface tension in this case is 


the resoH and not tin* cause of the division. 

'risi.H coiiclnHiim is <'orrohorated by the results of observations on the cells of the 
(lYuh-s of iMlum nml Tiiiipu. The/potassinm salts in these are found condensed 
in Tuinuti* ina.ss<*s throughout the eytopla.sm. When division is about to begin the 
RuItH are shifted to the peripheral zone of the cytoplasm, and when the nuclear 
membratie disappears not a traee of potassium is now found in the neighbourhood 
of tin* frw* chrtsmoHtam's, a con<lition which continues till after nuclear division is 
complete. I'he nl'H*nce of pota.s.sium, the most abundant basic element in the 
cvtonhwin, would indicate that soups are not present, and appropriate treatment 
of such cells, hardctii'il In formaline only, with Si'arlotRed demonstrates that fats, 
including lecithins, an* absent also. This would seem to show that high instead 
of low Htjrfacc tension previiiln about the imclens during division. During the 
‘resting’ coiuliti^m of the nmdeus this high tension is maintained, for, except m 
very rare ami these of doubtful character, there is no condensation ot 

inorganii- Halts in tin* nciLdibonrhood or on the surface of the nuclear membrane. 
It is nlsr. to fa* noted that the nueleus, with exceptions, ’the 
are found in the Prrjto/.oa, i.H tjf spherical shape, which also postulates that mgn 
surface tvmhm Milm cither in the cytoplasmic layer about the nucleus or in the 
nuclear nH‘tnb!Mtic it.wlf. It may also lie suggested tlmt high surface tension, 
and not the phvG* a! impcrmeubility of the nuclear membrane,^ is the reason why 
the rnndetw i«, I have often stated, wholly free front 

It dm*s tiot follow fr(»m all this that .surface tension has_ nothing to 
«.ll 1 f. UH ltr..ilsf..r.l tlobertson holds, sarfm-o tenaon « P 

phm.. «f rlivini.,)!. thor. tiH' i.it.Tmil HtrerniitiR nioyonu'iii of ®P“ 

half of the i'ctl should be towards that plane, and, inpmnsequence, not separation 
but fumott of the two halvca would result. The lipoids and soaps would indeed 
spreini superfu iullv on tiu* two parts from the equatorial plane towards the two 
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poles, ‘and, according to the Gibbs-Thomson principle, they would not distribute 
themselves through the cytoplasm in the plane of division, except as a result of the 
formation, of a septum in that plane. In other words, the septum has first to 
exist in order to allow the eoapa and lipoids to dk^tribute themselves in a 
streaming movement over its two faces. In Brailslord Robertson’s experiment 
this septum is provided in the thread. If, on the other hand, surface tension is 
higher about the nucleus in and immediately adjacent to the future plane of 
division, then constriction of the nucleus in that plane^ will take place accom- 
panied or preceded by an internal streaming movement in each half towards its 
pole and a consequent traction effect on the vhvomosonm which are thus mrmved 
from the equatorial plane. When nuclear division is complete then a higher 
surface tension on the cell itself limited to the plane of division would bring 
about there a separation of the two halves, a consequent (condensation on each 
side of that plane of the substaiu'cs producing the low tension elsewhere, and 
thereby also the formation of the two membranes in that plane. ^ 

In support of this explanation of the action of surface tension as a factor in 
division I have endeavoured to ascertain if, ns a result of the Gibbs-Thomson 
principle, there is a condensation of potassium salts in the cytoplasm at the poles 
of a dividing cell, that is, where surface tension, according to my view, is low. 
The difficulty one meets here is that, in the higher plant forms, cells preparing 
to divide apjjear to be much less rich in potassium than those in the ‘resting’ 
stage, and under this condition it is not easy to get unambiguous result .s, while in 
animal cells potassium may even in the resting cell be very minute in (|uantity, as, 
for example, in Vortirdla, in which, apart from the contractile stalk, it is limited 
to one or two minute fieeks in the cytoplasm. ^ Instances of potassium-holding 
cells undergoing division are, Imweviu', found in the si)ennutogonia of higher 
vertebrates (rabbit, guinea-pig), and in these, the potassium is gather«‘d in the 
form of a minute, and thin caplike layers at each pole of the dividing cell. 

This of itself would ap}>ear to show that surface tension is k'ss in the neigh- 
bourhood of the polos than at the equator of the dividing cell, but I am not 
inclined to regard the fact us ('ouclnsive, and a very large numbt'r of oliservu- 
tioiis to that end must be made before certainty cun be attained. 1 am, 
nevertheless, convinced that it is only in this way that \v<‘ can finally determine 
whether differences of surface tension in dividing cells account, as I believe 
they do, for all the phenomena of cell division. I’he diliicultie.H to be encoun- 
tered in such an investigation are, as experieiua* has shown me, much greater 
than are to be overcome in efforts to stiuly surface tension in cells under other 
conditions, but 1 am in hopes that what I am now advancing will influence a 
number of workers to take up research in microclumnstiy along this line. 

I must now discuss surfaito tension in nerve cells and nerve fibres. I have 
stated earlier in this address that I hold that the force et>m'«‘rm‘d in the pro- 
duction of the nerve impulse by the nerve cell i.s .surface tension. I'he v<u’y fact 
that in the repair of a divided nerve fibre the renewal of the }H*ripheraI portion 
of the axon occurs through a movemontr-a flowing outward, as it W(‘re™of the 
soft colloid material from the central portion of the divided fibre is, in itself, 
a strong indication that surface tension is low here and high on the (*ell body 
itself. This fact does not stand alone. I pointed out six years ago tlmt potas- 
sium salt is abundant along the course, of the axon aud apparently on its exterior 
surface, while it is present but in traces in the nerve ceil itsrif. In tlu* latter 
chlorides also are pre.sent only in truces, and therefore .sodium, if present, is 
there in more minute (pumtities, while haloid chlorine is abundant, in the axon. 
Macdonald has also made observations us to the ta'currenc(^ of p<»tassium along 
the course of the axon, and hae in the main confirmed mine. We diller onlv 
as te mode of the distribution of the element in the axon, and the manner in whicli 
it is held in the substance of the latter j but, whichever of the two viewK may 
be correct, it does not affect what 1 am now advancing. Kxtimaive condeiiHation 
or adsorption of potassium salts in or along the course (d the axon, while the 
nerve cell itself is very largely free from them, cun have but. <t«e explanation on 
the basis of the Gibbs-Thomson principle, and that explumition is fhaf surface 
tension on the nerve (tell itself must be high while it is low on or in its axon. 

The conclusions that follow from this are not far to seek. Wo know that an 
electrical displacement or disturbance of ever so slight a charai'tcr occurring at 
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a point on the surface of a drop lowers correspondingly the surface tensinn nf 
that point What a nerve impulse fundamenJlly involves we are no^ 
but we do know that it is always accompanied by, if not constituted of a chanse 
of electrical potential which is as rapidly transmitted as is the impulse When 
this change of potential is transmitted along an axon through its svnako ter- 
nimals to another nerve cell, the surface tension of the latter must be lowered 
to a degree corresponding to the magnitude of the electrical disturbance nro- 
duced, and, in consequence, a slight displacement of the potassium ions would 
occur at each point in succession along the course of its axon. This displace 
ipeut of the ions as it proceeded would produce a change of electrical potential 
and thus account for the current of action. The displacement of the ions in the 
axon would last as long as the alteration of surface tension which gave rise to it 
and this would comprehend not more than a very minute fraction of a second' 
Consequently, many such variations in the surface tension of the body of the 
nerve coll would otuair in a second; and, as the physical change concerned would 
involve only the very surface layer of the cell, a minimum of fatigue would result 
in the cell, while little or none would develop in the axon. 

It may be pointed out that in medullated nerve fibres the lipoid-holding 
sheath, in close contact as it is with the axon, must of necessity maintain on 
the course of the latter a surface tension low as compared with that on the nerve 
cell itself, which, as the syna])tic relations of other nerve cells with it postulate 
is not closely invested with an enveloping membrane. In non-medullated nerve 
fibres th(i simple enveloping sheath may function in the same manner, and 
probably, if it is not rich in lipoid material, in a less marked degree. 

What furthei is invoiced in all this, what other conclusions follow from 
those observations, I must Iwive unexplained. It suffices that I have indicated 
the main points^ of the su^ ect, the philosophical significance of which will appear 
to those wlio will f>ursue it beyond the point where I leave it. 

In bringing thi.s address to a close I am well aware of the fact that my 
inmtnumt of the subjects discussed has not been as adequate as their character 
would warrant. The position which I occupy imposes limits, and there enters 
also the personal fmdor to aecount in part for the failure to achieve the result 
at which 1 aimed But thi-re is, besides, the idea that in applying the laws of 
surface tensiim in the explanation of vital phenomena I am proceeding along a 
path into the unknowip which has l)een as yet only in a most general way 
marked out by pioiuau’ itivestigators, and in consequence, to avoid nystakes, I 
have hemi constrained to exercise caution, and to repress the desire to make larger 
ventures from the im|H'rfectly beaten main road. Perhaps, after all, I may 
have fallen int«> error, and I must therefore be prepared to recall or to revise 
some t>f the views whi<-h I have advjim'ed here, should they ultimately be found 
wanting. That, h<nyever, as I reassure myself, is the true attitude to take. It 
is a far cry to certainty. As Duclaux has aptly put it, the reason why 'Science 
advances is tlmt it is never sure ttf anything. Thus I justify my effort of to-day. 

Notwithstanding this iua<lt*(p»ate treatment of the subject of surface tension 
in relation to cellular pr<»cesses, I hope I have made it in some measure clear that 
the same forct* whiidi shapes the raindrt)p or the molten mass of a planet is an 
all-important factor in the enusation of vital })henomena. Some of the latter 
may not then*by be explained, W'6 do not as yet know all that is concerned in 
the physieal stat** «>f s<»lutit)ns. The fact, ascerteined by Rona and Michaelis, 
that certain sugars, which neither lower nor appreciably raise surface tension 
in tlunr solutions, eunflcnse 4ir are adsorbed on the surface of a solution system, 
k an Indication that there are at least some problems with a bearing on vital 
phenoniena yet to solvi*. Nt‘vertheless, what we have gained from our knowledge 
of the laws of surface tension constitutes a distinct step in advance, and a more 
extended apfihration of the ftibbs-Thomson principle may throw light on the 
(?au»atit»n of other vital pheiumrenu. To that end a greatly developed science of 
microchemtstiy is necessary. This should supply the stimulus to enthusiasm in 
the searc'h for iwictions that will enable us to locate with great precision in the 
living ctdl the » unstituents, inorganic and organic, which nfiect its physical state 
and thereby influence its iietivity. 
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Thk lumiiur ftiiitVi’n'il in llii‘ lOi'rtum to be President for the year of the Botanical 
Bei'tiun (if the British Associatiun imposes the duty of preparing an address. I 
trust that luy seleetinu uf a suhjiu*t will not be attributed by anyone to a want 
of uppreeiatitm uf the worth ami importance of certain sides of botanical research 
t.u which I shall h:i\e less occasiiui to refer. These have been eloquently sup- 
jjorted by bn-mer Presidetits, and 1, tnk(‘ this opportunity to express the thanks 
I owe fuS* the bi'ndit recctviMi from their eontribution.s to the advancement of the 
scieiu'e of botany. 'Fhey bavt^ told ns of the advance in departments of which 
tiiey conhi speak as leaders in reseaiadi, and I do not venture to follow in their 
steps. .My .subject i.s from a iield iti which 1 have often experienced the hind- 
raniTH of which I shall havt* to speak, both in ])ersonal work and still more as a 
teaclan* td’ .''tmients, familiar with the many ditticulties that impede the path of 
tlumi* who would pjadly give of their best., but find the difficulties for a time 
almost in.viunionntulde,* and v\ho are too frequently unable to spare the time or 
labour to allow id’ I heir undertukiuj.!: seientific investigations that they might well 
au-ump!i>h, and in width lliey \v«mld find keen pleu.sm'e under other conditions. 
Tho.<e w!i»e<e tastes be in tlm direction of studying plants in the field rather than 
in tlie lalntrafitry aie apt to find themselves hampered seriously if they seek to 
become attinainleil with the plants of their own vicinity; and, if they wish to 
umlertuke investigaf mn,N in the hope of thdng what they can to advance botanical 
seieiuas tlu‘y may hml ii scarcely possilile to ascertain what has been already done 
and recorded by others. 

Por a time the kimwledgi' of plants was too much confined to the ability to 
name thmn according to tin* Hy.stem hi vogue and to a knowledge of their uses, 
Mil or imagined, l*he undue importance attached to this side of the study, even 
by .so great a Icadej- an binnamH, nuturally led to a reaction as the value of other 
aspects of botany lame to be mtli.wd, and as improvenient.s in the instruments 
ami me^hod^ of re^enicfs opened up now fields of study. The science has gained 
much liy the reai tiou : but there i» danger of swinging^ to the other extreme and 
of failing to lecognij’e the ihhhI to luM'oiue well ai'quaiutod with plants in their 
natural Hurroundingjo I'he opportunities for study in the laboratory are so great 
and so much more under control, ami the materials are so abundant and of so 
miuTi; interest, that there is for many butmiists a temptation to limit themselves 
to such luuk, or at leiml to regard work in the field as subordinate to it and of 
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little’ value. It is scarcely necessary t(^ point out that en(’h side is insufficient 
alone. Yet some find more pleasure in the one side, and do well to make it their 
chief study; while they should recognise the value of the other also, and learn 

It is especially on behalf of the work in the field iliat I now wish to plead. 
There are few paths more likely to prove attractive most students. The study 
of the plants in their natural eiivii-onmeni.s will lead to an nndin-sfanding of their 
nature as living beings, of their relatiims to one another and to other environ- 
ments, of the stimuli' to whi<‘h they re.spond, ami of tlu‘ struggle for existence 
that results in the survival of tHuiain forms and the (iisnppeurance. of others. In 
this way also will be gainc^d a (?nneeption {^f the true mt*aning ,and ])la(‘e of classi- 
fioation’a.s au indispensable instrument for accurate determination and record, and 
not as an end in it, self. To one that has onee gained a- tru(‘ insight into the 
ploasrire and worth of sneli studitvs, eolh‘c1ions ma(!e for the sake of mere posses- 
sion or lists of spmaes di.scovered in a locality will not sntlice. ^ ^^uny que.stions 
will a/rise. which will |m)ve a. ciinstant soun-e of new inimest. ^ From such studies 
a deep and growing love for botany has in not a few cases arismu 

Hie British flora, has inter<‘st<'d me for upwanls of forty years, and has 
oocu[)iod mnch of my iittentinn during that iiim' not, only as dt'sirmus to aid by 
my own efforts to extend our knowledge <d‘ it, hut alst). as a ttsicher, seeking to 
assist my students to become able to <lo their ]>arls also, ami jnnkiug use of the 
materials within reacli to enable me to help them. 'Ilnis our present knowledge 
of the planks of dur own country has Iw'cnme known to me, am! t!ie ilitliculties of 
acquiring that knowledge hav(‘ also become known tlirougli both my own ex- 
perience and those of my students. The nature of the hindrances ant! ditlicuHies 
that at present bar the way has also b(*com(‘ familiar, as wtdl as the steps to he 
taken to clear some of tlumi away and t<i imake th<‘ natli le.ss ditliiadt to those who 
come a,fter ns; and T have also gaiinMl a fairly good acquaintance with the means 
at the command of student.s of tin* lloras t>f other countries, .so as to have a 
standard for comparison in the e.stimnte to be forimsl of the condition of muttens 
in otir own country. 

In how far is the inmsent provision frvr the stmly of the flora of the British 
Islands suflicient and satisfactory? 

I venture to hope that the subject, will be r«»garded as among those for the 
considnra.tion of which tlu^ British A.vs<H*iation warn forimul, and that, a favnurubk 
view will be taken of the conclu.sions which I take this opportunity to lav before 
you. What, then, is the present provision for tin* stmly of our plants? Since 
the days of Morrison and Bay there have been many workers, es}M‘ctalIy during < 
the past century; and an extensive Iit{‘rature has grown up, in tlie fonn* both of 
books and of juipers, the latter more or less coiuprehensiv<», in the scl»‘ntific 
jonrnuls and in the transactions of societies. These papers contain muefi that is 
of great value ;1 nit, owing to the absence of my clasHifh‘d index, most of the 
information in it is beyond tim reach of anyone, e.xcept at the <*xpenditnre of 
much time and labour. The t-onslantly increasing ac<*umulation of new pnldit^a- 
tions makes the need for a (‘lussified index always more urgent: for the mass of 
literature is at present, one of the greatest ob.stacles to tfm undertaking of new 
investigations because of the uncertainty wliether tln\v may not have been already 
undertaken and overlooked through want of tinn* or opportunity to search the 
mass exhaustively. 

While the early writers of descriiitive floras sought to include every species of 
plant known to occur in Britain, this has not lieen aitinupted during the past 
seventy or eighty years, and instead of one great work wi* now have monographs 
of the greater groups, simh as BabingtorBs « Manual * and Ho<»ker’s ‘ Students 
Flora of the vascular plants, Braithwnite’s * Mossnorn/ An*. Bocal floras still 
m a good many cases, aim at including all plants known to grow afiparentiv wild 
in the districts to which they refer; but they an* often little iimre than lists 
of species and varieties and of loca1it!«»a in which these linve Ihm'u fouml In 
some, however, there are descriptions of new forms and notes of general value, 
which are apt to be overlooked because of the place in which they appear. 

Xhe early works were nwmsarily not critical in their treatment of c1o.hi'Iv allied 
species and varieties, but they are valuable as giving evidence of wluit plants 
were supposed to be native in England when they were puhlished. Even the 
•mr\rra ^hat wcixi issucd after Linnmua had established the hintuninid iioTncrudature 
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for a time related almost wholly to England. Sibbald in ‘Scotia Illustrata’ 
(1684') enumerated the plants believed by him to be native in Scotland, and of those 
then cultivated. Between his book and Lightfoot’s ‘Flora Scotia,’ published in 
1777, very little relating to the flora of Scotland appeared. Irish plants were still 
later in being carefully studied. 

The floras of Hudson, Withering, Lightfoot, and Smith, all of which include 
all species of known British plants, follow the Linnsean classification and nomen- 
clature in so far as the authors were able to identify the Linnjean species in the 
British flora. ‘ English Botany,’ begun in 1795, with plates by Sowerby and 
text by Smith, was a work of the first rank in its aim of figuring all British plants 
and in the exiiolloncc of the plates; but -it shared the defect of certain other 
great floras in the i)latos being prepared and issued as the plants could be pro- 
cured, a^nd thus being without order. Its cost also necessarily put it beyond the 
readi of most botanists, except those that had the advantage of access to it in 
some large, library. A stu'oiid edition, issued at a lower price, and with the plants 
:ii’rangcd on the Linna'au system, was inferior to the first, in the plates being only 
jiartially coloured and in having the text much curtailed, The so-called third 
edition of the ‘ English Botany,’ issuod 1S6S-86, is a new work as far as the text is 
concerned, that, being the work of Dr. Boswell Syme, who made it worthily repre- 
sentative of its subjeci. ; but the ])lates, with few exceptions, are reissues of those 
of iiio fu'st ediiiou, U\ss perfect as impressions and far less carefully coloured; 
and tliis apjilieK with still great, or force to a reissue of the third edition a few 
years ago. This edition, moreover, inclndcd only the vascular plants and 
Ohairjiccm. As this is llie only large and fully illustrated British flora that has 
been attempted, it is almost needless to add that in this respect provision for the 
study of the flora of onr islands is far behind that of certain other countries, and 
very notably behind that made in the ‘Flora danica.’ 

Turning'next to ])rovisiou of less (mostly aids to the study of British plants, 
wc hnve niauuais of most of tlie larger groups. The vascular plants are treated 
(if in nunu'.rrms works, including a eonsiderablo nuiiiber of illustrated books in 
recent years, ine.\;p(‘nsi\(‘ but insufiieie.nt for any but the most elementary 
students. Eiteh’s oul.line. il!u.-ilra,tions to Bentham’s ‘Handbook to the British 
Flora,’ supple.uicnted by \V. (!. Smith, were issued in a scpai'ate volume in 1887, 
whieli is still the l>est for use in the i\texpensivc works of this kind. Babington’s 
‘ Manual.’ on its first appcaranct‘ in was gladly welcomed as embodying the 
resnlt of careful and ctmtimunl researciies by its author into the relations of British 
plants to their nearest relativtis on the (Continent of Europe; and each successive 
issne. up to the eighth in 1K><1 reetdved the. eareful revision of the author, and con- 
iaitufd additions and modificatioiis. In IttOI' a ninth edition ^vas edited, after the 
iiuthor’s death, hy H. and J. tlroves; but, though the editors included notes left 
hy Professor Ibiluugtou pri'ptu'ed for ii. new edition, they were ‘ unable to make 
aiteratiuns in the Ireatimmt of some, of the critical gonera which might perhaps 
Iiave luMMi desirable.’ fl’lm ‘ Student’s Flora of the British Islands,’ by Sir J. D. 
Booker, issued in I87(>, t««>k tiu' place, of the well-known. ‘ Brilish Flora’ (1830, 
and iu subse(|ueut editiuus until Mm eighth in 1860, the last three being issued in 
colluhoration by Sir W. ,1. Hooker and Professor Walker Arnott). The third 
edition of the ‘ Sttidcnt’s Ehma ’ appeared in 18R4, and there has been iione since. 
Mr. F. N, William.s’ ‘ Prodroimi.s Flora' Britanniem,’ begun in 1901, of which 
k'ss than one half has ye! appeared, tljough a work of much value and authority, 
is scarc(*ly calculated for the assisluneo of the ordinary student; and Mr. Driice’s 
new ('dition of Hayward's ‘ IhituniHi’s PfUikot Book’ ‘is intended merely to 
eiiablc Mu' bofatiisl' in the fedd to iiaiim his apecdinena approximately, and to 
refresh the memory of Mm umre mivnnecd worker.’ In all the books that are 
intended for tlm use of British botanists, apart from one or two recently issued 
kaal flora.^ tlm classification is still that iu use in the middle of last century, 
even to Mm extent in Mm most of them of retaining Ooniforic as a division of 
Dicotyledones. Apart from this, Mm eritiejd study of British phints has led to 
the detection of mumo’otis pi't'viously unohserve.d Juid nnmimcd forms, which find 
no place in the ‘Student’s Flora,’' and iire. only in part noticed in the recent 
edition of the * Maumil’ 

Tin* ' fdsf.s ’ of \a.Mular pl.ints of Mm British flora Unit have recently been 
issued bv nendh* and Britten, by Mr. Druee. and as the tenth edition 

of the ‘Bosidon I'ulalogtm tfl’ British Plants’ are all important documents for 
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the study of the British flora; bat they illustrate very forcibly certtiin of the 
difliculties that beset the path of tho student eag’cr to gain a knowledge of the 
plants of his native land. In these lists he finds it scarcely jiossible to gain a 
clear idea of how far the spwues and varieties (d' the one correspond with those 
of the other, owing to the diversities of the names enpiloyed. It would be a great 
boon to others as well as to students were a full synonymic list prepared to show 
clearly the equivalence of the names where those for tho sjime species or variety 
differ in the different lists and manuals. Probably in time an agreement will be 
generally arrived at regarding tho invmes to be accepted, -but that desirable con- 
summation seems hardly yet in sight. Meantime the most useful stop seems to 
be to show in how far there is agreement in fad, under the different mimes. 

, Among the Cryptogams certain groups have fared better than tho higher 
plants as "regards both their la, ter ireafment and their more adequate illustration 
l 3 y modern methods and standards. Several works of great value have dealt with 
the mosses., the latest being Braithwaite’s * Bi’itish Moss-flora,' completed in 1R99. 
The Sphagna were also treated by Braiihwaite in and are to be the subject 
of a monograph in the Ray Society's series. The liverwcirts have been the subject 
also of several monographs, «)f which Pearson’s is the fullest. _ 

Among the Tha,llo])hyta certain groiqis Inive been more satisfactorily treated 
than others— 'r-f/. the Discomyceies, the llredincu' and dstilagiuea’. the Myxoniy- 
cete.s, and certain others among the fungi, and the Desmidiacea' among the algie; 
but the Thallophyta as a w'hole, are much in need of thorough revisiiui to place 
them on a footing either satisfactory or eomiiurable to tlieir treatment in other 
countries. 

Of the Thallophyta ma,ny more of lh(‘ smaller specie.s will probaidy be dis- 
covered within our islands when elose, search is nuult*, if we may judge by the 
much more umucrous forms already recorded in certain groipis abroad, and 
which almost certainly exist heri*. also; but. among tin* high<*r jdants it is not 
likely that many additional species will Ik* discovereil jis nativi*, yet. even among 
these some will ])robal)ly be found. It is, lumever, rather in the direction of 
fuller investigation of the distribution and ti'iidi'iicies to variation within our 
islands that results of inien^st are likely to be obtained. 

The labours of H. C. Watson gavi* a vi'i-y great stimulus to tin* study of the, 
distribution of the (lava in England and Scotland, and the, work iu*. si*f on foot has 
boon taken u]> and niu{!h o.Kiended liy nunn'rous botanists in all parts of the 
British Islands. It is largely owing to such wm'k and to the critical stndy of the 
flora necessary for its prosecution that- so many arlditions have been made to the 
forms yjrevionsly known as liritisli. Many local works have lu'eii issued iu ree(*ut 
years, often on a very high slanthird of ero'elh'uce. Besides these larger works 
seientifle periodicals and trausmhiims of li<*ld clubs and other soeiidii's teem with 
records, some of them very brief, whih^ others are. of sm-h size and compass that 
they might have been issued as stqairate book.s. A fiwv of both the Imoks and 
papers are liiilo inore than mere lists of names of species and varietii^s ohs(*rved 
in a locality during a brief visit; but usually there is an aitt‘mpt at least to dis- 
tinguish the native or well-established aliens from the mere casuals, if these arc 
meiitionod at all In resja'ct of aliens or plants that mve their pn‘s('ne<* in a 
district to mnn’s aid, inte.ntional or invt.luutary, t]u*ir tr(*atmeuf i.s on no .settled 
basis. Every flora admits wilhoui <{neslion speci(‘H that- are e(*rfainly of alien 
origin, even sneli weeds of cultivated ground as disapp«*ar when cult i vat ion is 
gjveu up, as may be verified in too many localities in some parts of oui' country, 
Yot other stieeies are not admiffed, tiumgh they may be met with here and there 
well ostablished, and at least- as likely jo perpetuafu tludr species in the new 
homo as are some nativo spoi’ies. 

^ Comparatively few ^writers seek to analyse the flouis of tht* districts treated of 
with a view to dotonnino wheiu'c each sjieeies came amt how, its rt*tatioii to man, 
whether assisted by him in its arrival directly or indirectly, whellu‘r favoureit or 
harmfully affected by him, its relations to its environment.-espt*eiall.v to other 
species of plants and to animals, and other questions that suggest themselves 
whon such inquirios are ontorod on. It is very d<*sirab]e that a earid'ul and exhaus- 
tive revision of the British flora should be made on these and similar lines. In 
such a revision it is not less desirable that each spei'ies should lie represf'ided by 
a good series of specimens, and that these should he eonqijired with similar series 
from other localities within our islands, and from those countries from which it i 3 



PBESIBENTUL ADBEESS. 


believed that the species originally was sprung. Such careful comparison would 
probably supply important evidence of forms being evolved in the new environ- 
monts, differing to a recognisable degree from the ancestral types, and tending 
to become more marked in the more distant and longer isolated localities. An 
excellent example of this is afforded by the productive results of the very careful 
investigation 'of the Shetland flora by the late Mr. W. H. Beeby. 

Within recent years excellent work has been done in the kudy of plant 
associations, but the reports on these studies are dispersed in various journals 
(often not botanical), and are apt to be overlooked by, or to remain unknown to, 
many to whom they would be helpful. The same is true in large measure of the 
very valuable re})orts of work done on plant-remains from peat-mosses, from 
lake deposits, and from other recent geological formations, researches that have 
cast such light on the past^ history of many species as British plants, and have 
proved their lung abode in this country. Mr. Clement Eeid’s ‘Origin of 
the British Flora,’ though published in 1899, has already (by the work of himself 
and others) been largely added to, and the rate of progress is likely to become still 
more rapid. Among the fruits and seeds recorded from interglacial and even from 
pre.gla,c-ial deposits are some whose presence could scarcely have been anticipated, 
r.y. IJypc'i'oum pwvumhcm, in vSuffolk. Some of the colonists, or aliens now 
al’iiKist confined to gixnind under cultivation, have been recorded from deposits 
tluit suggest an early^ immigration into the British Islands. While much remains 
to be discovered, it is de.sirable that what is already established should find a 
place in the manuals of British botany. 

Apart from the des<Tiptive and topographical works and papers on our flora, 
there is a. serious lack of information gained from the study of our British plants^ 
Altimiigli 51 few typt^s Inive reeeived fuilei’ study, we have little to compare with 
the work doiu^ in <»fht!i' countries on the structure and histology of our plants, on 
llie effects of environment, on their reUitions to other species and to animals, and 
on other 5 isp(‘cts of the .seiefav. to which .ittention should be directed. On these 
imitl<‘rs, 5is on 51 good many otliers, we g5iin most of what information can be had 
not from British s(mrces. but from the literature of other countries, though it is 
not wise to 5issume tlmt wlmt is true elsewhere is equiilly true here. It is as well, 
perinip.^, Uiat for tln‘ present such subjects should find scanty reference in the 
imnimds in ordimiry n.st*; but, when trustworthy information has been gained 
within tin* Itritish l.sliinds, under the conditions prevailing here, these topics 
should certaifdy not be piissed over in silence. Students of the British flora 
luivehis yet no .such works of reference 5i8 Raunkj5ier’8 book on the IMoiiocotyle- 
(lons of Denimirk or the admirsihle ‘ Jjebeasgoschichto der Blutenpflanzen Mittel- 
europas,’ 5it prestmt being issued by Drs. Kirchner, Loew, and Schroter. 

In 51 ('ompicft' survey of the British bobiny there must be included the succes- 
sive (lorijs of tile (Uirlitu' geological fornuitioiis, though they cannot 5 is yet be 
bnuigld int«» correhition with tlie recent or existing flonis. In the brilliant pro- 
gr<*ss made recently in this tiehl of study tmr country cind the British Association 
;ue wort idly representeth 

'fhe present prousitm for the .study td' the British flora and the means that 
slmuld be use id feu’ its extension sippoar to bo those : — 

Much excelh'iit wtuk Ims jilreiidy been sicc.nmplished 5ind put on record towiirds 
th(‘ iuve.stigafion of the flin'a, hut much of timt store of Information is in danger 
of iicing r»Y<‘rlot)ke<J 5tnd forgot t<m or lost, owing to the cibsence of means to direct 
attention to wlyn' it imty he found. A csireful revision of what has been done 
iuid 5! systematic sjdpject inde-x to its stores 5U*e urgently required. 

'I’iie Hysfematir works tre5ding of the flt>ra Jirc in groat p5irt not fully repre- 
wiilative of the knowiedge 5drwidy possessed, 5Uid require to be brought up to 
date or to he rephiced by ofliers, 

(Staid fltlticulfy is csiused bv the absence of 5in 5iuihoritative synonymic list 
thid wtmld show fttr tts possible the equiviilemio of the mimes employed in the 
varituiH luiutmils and lists. There is mueli reason to wish thsit uniformity in the 
use of mimes cd' Hpecji.j< ami vjirieties should be sirrived sit, and a representative 
committee might assist to that end; but, in the mesintime, a good synonymic list 
would be a most fudpfu! sttqi towjirds relieving a very pressing obstacle to 
progress. 

Thet'f' is need for a careful analysts <if the florsi with a view to determining 
those species thiit owe their pimeime here to man’s aid, intentional or uncon- 



TMNSACTlONli OF SECTION K. 


scions ; and tiie inquiry sliould be directed to ascertain the })criods and methods 
of introduction, any tendencies to become modified in their new homes, their 
subsequent relations with man, and their influence on the native flora, whether 
direct or by modifying habitats, as shown by Lwpinii8 nootkatenm in the valleys 
of rivers in Scotland. , . , 

Those species that there is reason to rega,rd as not having been niiroducod by 
man should be investigated as regards their probable origins and the periods and 
methods of immigration, evidence from fossil deposits of the period during which 
they have existed in this country, their constancy or liability to show change 
during this period, their resemblance to or differences from the iypes in the 
countries from which they arc believed to have been derived, or the likelihood 
of their Having originated by mutation or by slow change within the British 
Islands, and their relation to man’s influence on tiieru (usually harmful, but 
occasionally helpful) as affecting their distribution and |ierma,nence. 

The topographical distribution, though so nuudi has been done in this field 
during the ])ast sixty or seventy years, still requires careful investigation, to 
determine not merely that speides have been obserwul in certain districts, but 
their rtdativc frequency, their relations to man (natives of otie pari of our country 
are often aliens in other parts), whether increasing or (limiuishing, altitudes, 
habitats, &c. From such a, (turcful topographical survey much should be learned 
of the conditions that favour or hinder the success of species, of the ev(dution 
of now forms and their relation to parent types in distribution, especially in the 
more isolated districts and islands, and of other biological problems of great 
interest. A most useful aid towards Ukj piH'j)ara,tinn of topograpliicad records 
would be afforded by the issue at a small ])rice of outline ma{)s so as to allow of 
a separate ma]) being employed for recording the distribution of eacli form. 

A careful study of the flora is also rctpiired from the standp<-)ini of structure 
and development, with cumparison of the results obtained here with those of 
workers in other countries wlioni the .same or clos<dy allied species and varieties 
occur. It is also needed In respect of the relations betwetui the plants and animals 
of our islands, both as observed here and in coiupari.son with the already exten- 
sive records of a similar kind in other countries. On such topics a.s }K)l!ination, 
distribution of seeds, and injuries inflicted by animals and g;ills produced by 
animals or plants we have still to make use very largely of the inforinution gained 
abroad ; and the same holds good witlii regard to the diseuses (jf plants. 

While ‘English Botany’ in its first edition was deserv<Ml}y regardiul as a 
work of the first rank among floras, it has long been defective as ref)r(‘scnting 
our ju’esont knowledge of British plants, and it has not been succeeded by any 
work of nearly (upial rank, while other <'ountries now have their great flora's of a 
type in advamje of it. There is need for a great work worthy of our country, 
amply illustrated ao as to show not only the habit of the species and varieties, 
but also the distinctive chaiwters and the more important biological features of 
each. Such a flora would probably require to be in the form of monographs by 
spocdalists, issued as each could bo prefiarcd, )>ut us part (»f a well*planne<l whole. 
It should give for ea.ch j)lant far more than is eontaiued in even the best of our 
existing British floras, hfeans of identification must be provided in the description, 
with emphasised diagnostic characters ; but there should als<t be thci nec(*sHary 
synonymy, a summary of topographical distribution, noiea on man’s influence upon 
distribution, abimdamie,^ &c., on any biological or other point of interisst in struc- 
ture or relations to habitat, environment, associated animals or plants, diseases, 
&c. Local names, uses, and folklore should also be included ; and for this the 
need is all the greater, because much of such old Ion' is rapidly being forgotten 
and tends to be lost. In a national flora tlier(^ should he itnluded an account of 
the successive floras of former periods, and, as far as possible, the changes that 
can be traced in the existing flora from its earliest recoi'ds to the time of issue 
should be recorded. 

A flora of this kind would not only afford the fullest possible information with 
regard to tho plant world of the British Islands at the date of issue, but would 
form a standard with which jt could be compared at lat«‘r perimls, so us to permit 
01 changes m it being recognised and measured. In the meanwhile the production 
01 simn a flora can be regarded only as an aim towards which to press on, but 
® attained until much has been done. But wjiile the ftdfilnumt 
must oe left to others, we can do something to help it on by trying to remove 
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difficulties from the way, and to bring together materials that may be used in its 

construction. 

I have sought to call attention to the difficulties that I have experienced and to 
directions in which progress could be made at once, and to provision which should 
be made for the advancement of the study of the British flora with as little delay 
as possible. There is, I feel assured, the means of making far more rapid and 
sntisfatitory progress towards the goal than has yet been accomplished. Many 
persons are interested in the subject, and would gladly give their aid if they 
knew in what way to (miplny it to the best purpose. As a nation we are apt to 
trust to individual rather than to eombined efforts, and to waste much time and 
labour in consequence, with discouragement of many who would gladly share the 
labour in a scheme in whi(di definite parts of the work could be undertaken bv 
them. 

I b(di('.ve that a well-organised botanical survey of the British Islands would 
give re.snlts of great scientific value, and that there is need for it. I believe also 
that nutans exist to |.ermit of its being carried through. There is no ground 
to expect tha,t it will be. undortahon on the same terms as the Geological Survey. 
A biological snrviy inusi. be accomplished by voluntary effort, with possibly some 
help towards nnuding neces.savy expenses of equipment from funds which are 
available for assistanci' in .scientific research. Is such a survey not an object 
fully in accord with the objects For which the British Association exists? In 
tlu‘ belii'f that it is so, 1 ask yon to (lonsider whether such a survey should not 
1)1^ nndertaken ; and, if you approve the proposal, I further ask that a committee 
])i> appointed to report, on what steps should be taken towards organising such a 
survey, and pnqiaring materials for a national flora of the British Islands 
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To iiivsitli' over liiis Scrtini! is (u iiK'ur a I'tisponsibility which I confess somewhat 
alanus iiw; fur Ihu I'rt'sidunt niiiy, by virtue of his temporary office, be regarded 
as Kpeakinj4 with aiitliurity un tlie subjects with which he deals. Now, it is my 
desire t(j .speak abmil Tiuversity education, and for this purpose I must say 
.siimethini^ of schunl ♦•.lucatii ii ; hut. !. would have it understood that I really know 
little about the a»tua! rumin t uf modern school teaching. One may read books 
which ibsscribe how it slaadd hiM-onducted, hut this is a very different thing from 
.‘ieeing and his-irlicj; tiio leach-T in hi.s class; and I fear that personal recollections 
nf what temddiig in preparatnry and public .schools was like from thirty to forty 
years ag«t do m»l qualify one t(» pu.se ;us an intelligent critic of the methods which 
now prevail. 

Human nature, h tw'^ver. lias not changed much in the last forty years, and if, 
in comsidtuing the reliutdt.n lH*fv\een Pniver.sity and .school education, I can confine 
inyiielf to general principle:^, liascd upon the difference between boys and men, I 
trust that 1 may not go far wrong. 

I proposi* first to ronsidcr Mime general relations between teachers and their 
pupils, and tfum » vplaitt what, in my opinion, should be the change in the 
metlaal of tt at Itimi. or at any rate in the attitude of teacher to pupil, which should 
take place when the .Mime « hange.s from school to University. 

Fii.st as t«i genemi iclatious between teachers and their pupils. 

Falacitioii.d n> sftins m'«H‘ssarily proscribe the same methods for different 
teachers, and. bemg niatlc tor iiurinnss, ignore the individual. But happily, in 
.spite of flic attcnqitN to fornmlato methmls of instruction and to make precise 
.sv.steris, tlierc are many, ami those perhaiis .some of the most successful, in the 
arinv of earne>t m Iimh! psm hers who are elaborating their own methods. 

Now among all I in* cliange.s and varieties of system and curriculum there is 
one fuclut \\lii*h rmuains permanent and whieh Is universally confessed to be of 
paranunmt impori.sm e tin* imlividnality of the teacher and his personal influence 
uptm the pupil. If iH tlurefore a healthy .sign when school teachers who have 
Umi trained m ma- HVNt.-m begin to develop their own methods, for in this they 
are ai'serii tiu-ir individuality and strengthening that personal inlluence whuh 
is the real iunspring «>f all successfnl education. „ . , „ , , , , . 

I’ersonal inllui tiM* is, of conrM*. not only a matter of mtellectiial attainments; 
it apin ars to me, howev’er. that at the pre.sent time so ‘much is made of the duty 
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of schools to aim at the formation of charm-fer that there is an unfortunate 
tendency to regard this duty as something distinct froin the other functions of 
a master, and as independent of intellectual qualifications. Among the first 
qualities now demanded of a master in a public school for boys are manliness, 
athletic skill, and a hearty and healthy personality, and these are often regarded 
as compensating for some lack of intellectual equipment. I suspect, that there is 
a similar tendency in schools for girls. And yet 1 think it will be found that 
the only permanent personal inlluenco is really wielded by temdiers who exercise 
it through intellectual channels, and that those who acquire inteilectnal authority 
will generally succeed in training the. chara<‘.ters as well as the, minds of their pupils. 

On the other hand, the master who is not up to the proper intellectual standard 
will soon be found out by his cleverer pupils, and will lose intlneiue, whatever 
may be the charm of his character. 

The formation of character, so far as it can be distinguished from intellectual 
training, is largely worked out by the. boys themselves in any public sAiool in 
which healthy tradition and a sound moral atmosphen* are maintained, although it 
is true that these traditions depend upon the character and por.sonality of the 
teachers. 

The educational value, of the personal and intimate association with one and 
the same teacher throughout the school or Xhiiversity ca,rcer is ntHci;dly recognised 
in the tutorial system at Eton, Oxford, and Ca-mbridge. If has generally led to 
excellent results, provided that the tutor possesses th(> right rptalities and that 
pupil and tutor do not happen to be two incompatibh' persotialities; but the 
results may be well-nigh disa.strous where thm-e hapjtons to be antagonism 
between the two, or where the tutor does not ivalisj' his opportunities and 
responsihilitios. I have known some tutors who only excited a rlisfasle for lea,rn- 
ing in their pupils, and others who (‘Utirely iu‘gh‘ct<*(l or ahn.sed the high trust 
wdiich had been committed to them; but. far more, I mu glad to say. who have 
not only exeredsod the most profound iniliumce for gitod on ilieir bett<T and 
cleverer pupils, hut also inspired inf<dlectual interest m tlu' most unpromising of 
them. Although such a tutorial system does not enter fully into tin* scheme of 
other schools and Universities, and iliendoiM' a, stmUmt dot's net usually remain 
long under any one teacher, it mn.st be within the c.xpt'rit'nct' of most persons to 
have come for a time at kiist under the infbu'nce of u ttmeher who has inspired 
real enthusifism for learning and from whose lips the instruction, that might from 
others have been a trial, has become, an intelhadnal I rent. 

It i.s given to comparatively few to e.xcrt this powerful and subth* influence 
in a high degree, for it is a gift ('onfincd to a few rare natnn's. All tln^ more 
important is it, therefore, to ensure that an effective personal infhience may 
play its part in the intercourse between ordinary tx'achcrs and ordinary pupils in 
the customary routine of school and University life. 

How, then, i.s the proper persona.! and sympfithctic relation io be est-d lishcd 
between teacher and pupil, so that the iinlividuality cd’ fhe one may eall (jut the 
character and the effort of the other? T'hose wh(» eiujuire of their earliest school 
reminisecnces will probably recollect that the leachtms who obtained a real hold 
upon them did so by virtue of the power which they possessed of arousing their 
intellectual interest. I would ask you for a momen't to analyse tin* charudt'r of 
this interest. 

In the young child T believe that it will found to be nifunly that of novelty : 
with him ‘this way and that dividing the swift mind,’ sustaiiu'd thought, or 
even sustained attention, has not yet In'cnme iKissible; the in(|uiHitive and at’qui.si- 
tive faculties are strong ; and every new impression awakens the intew'st by its 
novelty quite apart from its purpose. You have ouly to watch ami see Iv w 
impossible it is for a young child to keep its attention fixed ev<*n upon a gar o 
such as cricket or football to realise how still njore <lif}icult it is to keep his 
attention fixed upon an intelledual purpose. 

To quite young children, except to those who are \in fortunately iwceocions, 
even an impending examination is not a perrnmumt object of anxiety, 

^ Now contrast the aimless interest which can be aroused in any young child’s 
mind by the pleasure of a new impression, a new activity, or n new idVn., with that 
which appeals, or should appeal, to the more mature intellect cf an tddm* student. 
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With him it is not enough that the impression or the idea should be new; if it is 
to arouse ^ interest it must also direct his mind to a purpose. This is to him the 
effective interest of his games or sport ; in the game the desire to succeed or to 
win is the animating purpose, just as the expectation of catching a fish is the 
interest which keeps the angler’s attention fixed for hours upon his line. In both 
the desire is 'fostered by the imagination, which maintaias a definite purpose before 
the mind. 

It is sometimes forgotten that as he grows the pupil is no longer *an infant 
crying for the light,’ but has become a man with ‘splendid purpose in his eyes.’ 

While, therefore, it should be the aim of a teacher of young children to set 
before them the subjects of their lessons in an attractive manner, so that the 
novelty is never lost, and not to weary their active and restless minds with too 
sustained an effort, it should at a later stage be the teacher’s aim to keep the 
object and purpose of the new fact or idea as constantly as possible in view, and 
not to distract the ardent mind with purposeless and disconnected scraps of 
learning. 

I ask you to bear this distinction in mind, for it is a principle which may 
guide us in differentiating University methods from school methods of education. 

The distinction need not involve us in a discussion of the ‘ Ziel-Angabe ’ in 
elementary education, for that is rather a question of keeping the interest alive 
during each lesson than of maintaining a permanent purpose in view throughout a 
course. 

The much discussed Heuristic method as applied to very young children does, 
no doubt, fulfil this object so far as it provides the inquisitive mind with novelty 
instead of a set task, but so far as it makes the purpose more prominent than 
the process it may become a method more suited to the adolescent or the adult 
mind than to that of the young child. 

I can fully realise that a most difficult and anxious time for the teacher must 
be that of the maturing intellect, in the interval between childhood and the close 
of the school career, when the method and spirit of the teaching must to some 
extent gradually change with the changing mental characteristics of the pupil. 
But, whatever may be the right methods of teaching children of ten and young 
men and women of twenty, many of our failures are due to one or both of two 
prevalent mistakes : the first, the mistake of teaching children by methods that 
are too advanced ; the second, that of teaching University students by methods 
that are better adapted for school children. It is with the latter that I wish to 
deal in this address; but we may in passing remind ourselves that when young 
men and young women are sent straight from the University to teach children 
with nothing but their University experience to guide them, it is not surprising 
that they often proceed at first on wrong lines and as though they were dealing 
with University students. 

The difficulty of divesting oneself of the mental attitude and the form of 
expression familiar in University circles, if one is to become intelligible even to 
the higher clas.ses in a school, is betrayed by the unsatisfactory nature of many 
of the papers set by Univei’Bity examiners to school children. The teachers com- 
plain, and rightly complain, that there is often an academic style and form about 
them which just make them entirely unsuitable for the child. 

it is, of course, hopeful that a diploma in pedagogy or some evidence that 
they have received instruction in method is now generally required of those 
who are to become teachers in schools. It seems to me, however, somewhat 
curious that, while efforts are now being made to give instruction in educational 
method to such persons, no similar effort is made to give instruction in more 
advanced methods to those who are called upon at the close of their under- 
graduate career to become University teachers, and that in consequence many of 
them have no method at all. 

This may be a matter of comparatively small* importance to those who possess 
not only the necessary knowledge, but also the natural gift of personal influence 
jind the power of inspiring those whom they teach. But for those who are not 
blessed with these powers it may be almost as difficult to fall into the ways of 
successful ilniversity instruction after the sudden transformation from student 
into teacher as it is for those who become teachers in schools. 
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Granting, then, that there shonld he a raciical (iilTerenfO hot ween the ways of 
school and IJnivevsitT teaidiing, iuid that there is at |)resent an unforl-nnate 
overlapping between the two, let- me iunxl- consider how the distinction between 
the intellectual interest of a child and the intellectual interest of a man may 
guide us in adjusting our methods of teaching when stmUmts ])ass from school to 
the University. 

A tenable, perhaps even a i)revalent, view ennct*rning a liberal •s<-h(io] edneation 
is that its chief purpose is not so much to impart, knowledge as to train the mind; 
indeed, some teachers, intliicnced, perhaps, in the first instance by the vii'ws of 
Plato, go so far as to think that no subject vyhich is clearly trf direct practical 
use should be taught as such at school. This view they would t-arry to the extent 
of excluding many obviously iippvopriate subjects fnun the school (‘urriciilmn, 
whereas almost any snbjet'l may be made an intpllcctnal training; this being a 
question not of subjet't, but of the manner in which it is t;uighf. In any event, 
if the scheme of intellectual training be a(U'(|uately fidfilled. the period of mental 
discipline should come to an end with thi‘ clo.<«:e of school life, and the mind 
should then be able to enter upon new studies and to assimilate fresh knowledge 
without a prolonged continnutinn of ])reparntory <'Ourses. hnh'ed. tlu' professed’ 
object of entrance examinations to the Unixamsity is to exclinU* those wlmst* minds 
are not prepared to benefit by a conr.so of Univer.stiy stm’y. ami to adndt otdy 
those who are sntlieiently equipped by previous training to (lo so. An entram-e 
examination then should not be merely ;i test of vidiethtu’ a b<fy or girl has learnt 
sutficient of certain std)jects to continue thos<‘ subjt'cts in particular at the 
University; and yet it has unfortunately come lo be regarded nmh' and more as 
jterfovming this function instead of being regardtul as a t<‘st whether the skulent 
is generally fit to enter u])on tnii/ Gui versify course, 'flu* result is that an 
entrance examination tends to la'come a test of knowledge rather than a test 
of general inielligeiu'e ; mendy one in an organised seru*s of e.xaminutions which 
endeavour to ascamtain the advaiudng proficiency in a limited number of subjects, 
and therefore tend really to encourage sjmciali.sution. Spccialisatitm Is tud to be 
prevented by in.sisting on a considerable number of subjects, but rather by teneh- 
ing even one subje(‘t in a wide .spirit. Anotiuu’ result is that, the entrance examina- 
tion belongs properly neither to the .school courst* mm to the University isuirse ; if it 
18 taken at the age of sixteen the. remaimhm of the .seluud career tends to be devoted 
to University work, whic'h shtmbl not really he done at school ; if it is taken after 
leaving school thi.s means that work is Iming done at, or in eonneition with, 
the University which ought to be dune at .seliooi. It is certainly tru(» that for 
various reasons a vast deal of xalucation is now being carried on at the (bn varsities 
whit‘h should belong to school life, and moreover is Inung eiirried on by methods 
which are identical with those pursued at school It is (‘(pjally true uVat, owing 
to the early age at which matriculation e.xaminations or their eijuivalents may l>6 
taken, many scdiools are. now asking that at the age of <‘ighteen or nineteen a 
school examination may be held whieh shall be im efpuvnhmt not for mntrieulation, 
but for the first degree examination at the University, 'rids wotdtl jeully imply 
that schools should be recognised as doing University work for two years of their 

pupils' eare.er.s surely a moat illogical procedure and one whi'-h supports my 

contention that there is now very serious overlapping, for it assmm^s that the work 
for the first degree examination can be carried on <*ither at ih<‘ wdiool <jr the 
University, and therefore that thaw is no dideivimK' in the iiudhods of tfie two. 

An increasing number of eatididatea nctunlly present tlumisidveH from wM’ondary 
schools for the external intermediate examination of the University of Lomhur*, 
in 19fH there were about Ifif), in 1909 there were nearly 5<K) such ('andmhit<»s. 

There will always be exeeiitional boys and girls who rea<>h a University 
standard, both of attainments and intelHgeiiee, long before they arrivt^ at tho 
ordinary school-leaving age. Let them either leave schoid and begin their 
University career early, or let thftm, if they remain at school, widen their know* 
ledge by including subjects whieh aro not supplied by the more rigid school 
curriculum designed for the average pupils; hut let them not cease to be taught 
as school pupils. It is equally certain that there will also be boys and girls whose* 
development is so slow that they barely reach the University standard when thev 
leave school; yet some among-them are the best po.ssible material and achieve the 
greatest success in the end. For such persons an entrance examination will be 
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Tequired at he age of eighteen or nineteen; but I think it is unfortunate that 
this should be the same as that which quicker pupils can pass at the age of 
sixteen or seventeen, lor an examination designed for the one age can scarcely be 
^^uitc satisfactory tor the other. '■ 

I confess that tlie whole matter is inextricably involved with the question of 
Jniversity entrance examinations. But to enter upon this here would carry us 
beyond the limits thax 1 have laid down for myself, and it will be more profitable 
to decide what should bo done at school and the University respectively before 
di.sciis.sing_how the examinations are to be adapted to our purpose. It will be 
sulHcieiit for me to say that I have been led to the conclusion that matriculation 
should be dosi^ii-oci to suit tho co^pcicity ot pupils not loss 

than se\ onteeii years of age, if they are to test the intelligence of those who are 
ready to enter upon a Univer.sity course. 

btartiug, then, with the principle that the period of mental discipline is closed 
at^ tne end oi the scliuol career, and that those who pass to the University come 
with fiiir mental training mid sufficient intelligence, let me inquire what should 
be the relation of Uni\'ersity teaching to that which the student has received at 
.school. 

Under present conditions the schools which aim at sending students to the 
Universities miihsivonr to give a general education which will fit their pupils to 
enter either upon a. University course or upon whatever profession or occupation 
they may select: on halving school. They do not confine the teaching of any pupil 
to preparation for a special profession or occupation, and they do not generally 
encourage special jireparation fur the University. 

Now umlrast what haiipens to the pupils leaving such a school to enter a 
profession or Imsiiu^ss with what happens to those who proceed to the University. 
Thi‘ fornu‘r pa.ss info an entirely different atmosphere; they are no longer 
occupit‘d with i‘X(*rei.ses and prepaiatovy courses which serve a disciplinary pur- 
pose; they are brought taee to face with the realities of their business ox pro- 
fession, and, (hough they liave to gain thoir experience by beginning at the 
lower or imire ciem.mtary .stages, they do actually and at once take part in it. 

The rniversity stmhmt, on the other hand, too often continues what he did 

at school: hi' may attimd h’ctures in.stead of the school class, but neither the 

iiudhovl nor tlu' matiwial need differ much from what ho has already done. 
Should not the break with >-rhool be as complete for him as for his school-fellow 
who got's into business? Should ln' not be. brought face to face with the actualities 
of learning? his y sirs of preparation and mental drill at school should 

ho not. under tiu* diiHriion of his University teachers, appreciate the purpose of 

his Work and share the responsibility of it? 

Let mt' take, as an illustration, the subject of History, A public school boy 
who cumc'-; to the University and take,s up the study of history should learn at once 
how tu use tie* original .sourees. It will, of course, bo ea,sier for him if he has 
learnt Uie neiimmils of hi.slory and become interested in the subject at school; 
but, it h is really keen upon his Univer.sity work, it .should not be absolutely 
nel'es^ary tor him to hava* learnt any history whatever. In any case, if he 
hu.s reeei 'd a g/iod general 'cdneation and has reached the standard of intelli- 
guj juircu tor Utiiver.'iity work, he ought to be able to enter at once upon 
the inti'llicent study ot history ai fir.st-hand; his teachers will make it their duty 
t( show him Imw to do this; their hadures and seminars will illustrate the 
met ho « pendent study, ami will make the need of them clear to him. If, 

as is prolmble. soim* aeqnainlanu* with one or more foreign languages be neces- 
.stiry, lie will ta*<o itedt net inn in them a.s an es.si;utial part of his history course, in 
order that le* may axptirt' tlu* needful working knowledge; and to learn some- 
thing of them with it definite {mrpose will be to him far more interesting and 
{irolitable llian to fduily thmu only for linguistic training, a.s he would have been 
<'oinpe!leif to do ut school, Affin* all this is wdmt w’ould be done by his school- 
fellow' who goi'H into huNinc.s.'i and finds it nece.ssary, and probably also interest- 
ing, to acqutre Mime kmiwUulge of the particular foreign language required in 
the ('orre pmiihmiv of his finn. If will, of I'oursc, Ixj all the hotter for a Univer- 
sity dmhii! «tf history to have in-quired some training at school in the rudiments 
(if'luhlory fil th miciHd and mod«'rn, together with the knowledge of classics 
which is \lct*■^^.(ry lor the former, and td modern knguagc.s whii'h is necessary 
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for the hitter. But there is not space in the school curriculimi for ull the subjects 
that may be required either for the University or for the bu.siiiess of life; the 
best that can be done is to give a good all-round training and to foster a marked 
taste or ability where it exists by allowing the boy or girl to include the subjects 
which are most congenial to them in th«^ studie.s of their last two years of school 
life, as I have already suggested, provided that mere specialisation is not 
encouraged at school even towards the end of the school cjireer. 

The University course might then become, a more complete specialisation, but 
of a broad character— the study of a special subject in its wider 'aspects, and 
with the help of all the other knowledge which may be necessary to that purpose. 

The University teacher will also differ from the school teacher in his methods, 
for it will he his business not so much to teach history as to teach his pupil so 
to learn and study history as though it were his purpose to Iwcome an historian ; 
in so doing he will have opportunities to explain his own views and to c'ontrast 
them with those of other authorities, and so to express his individuality as a 
University teacher should. 

One plight choose any other subject as an illustration. In .science there should 
be all tlie difference between the school exercises, on the one hand, which teach 
the pupil the methods of experiment, illustrate the principles laid <Iown in his 
text-books, and exercise his mind in scientific reasoning, and, on the other hand, 
the University training, which sets him ou a course involving the ntethods of 
the classical researches of great invt^stigators and a study of the original pa])ers 
in which they are contained, illuminateil by llu* views of his own teacher. He 
also should awaken to the necessity of modern languages. A boy who, on leaving 
school, passes not to the scientific laboratories of a Tlnivi^rsity, but- to a. scientific 
assistantship in a business or Government de})urtinent. will vmy .so(jn find it 
necessary to go to the original smirees and acquire a working knowledge of 
foreign languages. It is regrettable that umUn* existing corniitions a scientific 
student sometimes passes through his University wdthouf. aci paring t‘ven this 
necessary equipment. .T Ixilieve this to be largely du(‘ (o the fact tliat he is com- 
pelled to spend so much of his time in preparabiry work of a sidiool character 
during the early stages of his University eareer. 

In the literary subjects, and especially in classics, there is, of course, not the 
same scope for the spirit of investigation which it i.s so i'u.sy to encourage in 
experimental science. Here the only new a<!vances ami tii.st'<tverit>.s which can 
appeal to the imagination in (piite the sanu' way an^ tho.se which arc being made 
every year in the field of arehteology, and it is therefore not .suiqndsing that thi.s 
subject attracts many of the most ardent studenfc.s : th(^ methods of the archa*- 
ologist are more akin to those of the seieutifie investigator, and his wtjrk is 
accompanied by the same enthralling excitement of possible discovery, For the 
more able pupils and those who had a natural ia.ste for language and literature 
no subjects have been more thoroughly and ByKtemutieally taught for very many 
years at school, iis well as at the Univ<‘r,sity, than the «!la.ssi<’s; hut for the less 
intellectual children or tho.se whf) had no natural insb* for smdi stmlie.s no methods 
could well be more unsuitable than those whi.di mstul to prevail at si'IhjoIs. 'fho 
grammatical rules and exceptions, the unintelligent ami uncouth translation, the 
dry comparison of parallel passages, the mechanieul eoiiRtructimi of Greek ami 
Latin verse, produced in many minds nothing but distaste for the finc-st literature 
that exists. 

With the improved method.H now in use (Jrcek and Tjatiu may be, and are, 
presented to the ordinary boy and girl as living Hteraturi' and history, and 
school training in them may be made as int creating u.s anything in the 
curriculum. Upon such a foundation the University should' surely be able to 
build a course devoted to literary, philosophical, historical, or phtlologi<*al learn- 
ing even for the average student, provi<led that the University tciieher undertakes 
the task of helping his pupils to learn for themselves, and to pursuit tlieir .studies 
with a purpose, not merely as a preparation. 

The spirit of inquiry which drives the literary student to find for himself t'he 
meaning of an author by study and by (‘omparison of the view.s of others is 
really the same spirit of inquiry which drive.s the .scientific student to interpret 
an experiment, or the mathematical etudent to solve a fuvddcm. Only by kindling 
the spirit of inquiry can teaching of a real University character Ik‘ carried on. 
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Give it what name you will and exercise it in whatever manner you' desire 

there is no subject of study to which it cannot be 

intelligent minds in which it cannot be excited 

The first question which a University teacher should ask himself is ‘Am T 

rousing a spirit of inquiiy in my pupils?’ And if this cannot be answered in 

the affirmaliye it is a conlession that the University ideal is not bL* 

.Some assert that this principle should also guii schoreducaTolftTthat 
It should Ixi the first aim of the schoo teacher to stimulate the spirit of inquiry 
Mv nwii view IS that with voimfr children fKio ^ , ^ 


, uy allowing It to run riot, nor to 

stifle It by n.aking t he work uninteresting; if the lesson interests thei, their 
intjuiihiinc niiiuts Mill be (^uick enough to assimilate the teaching We are in fact 
brought hack to what. I have already emphasised-that the real difference between 
the inquisitive mind ot the child and the inquiring mind of the adult is that the 
former is yearning tor mtormation quite regardless of what it may lead to 
whereas the latter must learn or investigate with an object if the interest is to 
be excited and maintained. 


I ha,ve otten thought, it an interesting parallel that among original investigators 
and researchers there are two quite distinct types of mind, which have achieved 
equally valuable results. Ihere is the researcher who pursues an investigation with 
a constant, purpose and tit whom the purpose is the inspiration. But there is also 
the investigator who has presm'ved his youthful enthusiasm for novelty and has 
in .souu' respects the mind of a child; passionately inquisitive, he will always 
seek to <lo somctning new, and very often, like a child, he will tire of a line of 
researeh Ju whu li he ha.s ujade a discovery, and take up with equal enthusiasm 
a totally dith'rent firolilem m the hope of achieving new conquests. I think that 
a man wtdl known in ShetHeld, the late Henry Clifton Sorby, must have been 
a mail of this character. 'Che latter is, perhaps, the most fertile type of original 
investigator, but it is not the type that produces the best teacher, except for very 
exceptional tuni ‘uaginal-niinded students; and such teachers do not often found 
a .seluHtl of learning and researeh endowed with much stability. For ordinary 
students the iiu cstigatoiy who pursues his researches as far as possible to theii 
conelu:don i.s th. Mtfcr guide. 


It. .si-eiuh to me .suggc.stive that there are to be found, even amongst the 
famous researcheis, these two types of mind, that somewhat correspond to the 
mental attitude .4 the schotd pupil and the University student. It is as though 
these great men have preherved a juvenile spirit, some from the days of their 
childhotrd, ofhns uofu early manhood. 


It- will now In* I Icar that the prineipki which I am advocating is a very simple 
one, namely, that the Imsine.ss of direct mental training should be finished at 
school, and tfmt ut ilie Tnivensity the trained mind should be given material upon 
whii'li to do respoiiNihli* work in the spirit of inquiry. Preparatory exercises 
belong {** school |ne ami shoubl be abandoned at the University. 

All this .sfciiH so obviou.s that it might appear to be hardly worth saying 
were it, not that tin methods which actually prevail are so far removed from this 


iueal 


Whou, for e,v;ui de. a hoy who has not learnt Greek or chemistry at school 
comes to the I'niv rdty and propost's to take up one of these subjects he is 
generally pin thiituuh a < tmrfH' of exerems which differ in no essential respect from 
thow vvhh h uio mu Ketore a hoy of twelve. In other words, our University 
method lor th.- ir.um*d d dtww nut really differ from our school method, which 
is suppim'd to l.« arliiptcd to the mind in course of training. Again, boys who 
have hnui leiirmiu » ertaiii subjects for years at school, but are weak in them, 
have their edie *M. n Msntiiiiied at the University in the same subjects by the 
same s»hool im diod*. until they can In* brought up to the requirements of a first 
UidverHity ♦•xumnmhun, whh’ii in its character does not dilfer much from the 
IS fi*dd Hi M'hoot Wh<‘re in thi.s process is to be found the intro- 
duction of that of inquiry ami inve.stigation which ought to characterise 

the rniverMiy rouiM-! 

It limy be*. I 1. Iiiwimt maimer is this change to be introduced, and how is it 
possible oudet po .mil i uud it ttum, where .sii many .students are all pursuing ordinary 
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degree courses ainl have no time (tv o|i}H.r1 unity hu- syc.'jal woric, (« provide 
teachers who can educate them in this spirit, if it i> idsn liiair duty to get pass 
students through their oxaiuiiiations? 'i'iic answin', I liiiuk, i> tliut iji a I'niversity 
the professors and higher teachers shoidd Inn witiiout exccjdii'ii, uuni who, what- 
ever may he their teaching duties, are also actively engagul in investigation. 
Their assistnnis should be teachers who, even if the whole or pun ad' their time 
is occupied in routine unchiiig, liuve yet had son-c ex}icrieiu‘e in, and possess 
real sympathy with, modern udvancci! \vm“k muler rtc-h jM'ofe>i;ors. This is 
only to be secured by insisting that teachers in a l‘uivcr>ity slimitd all have had 
some experience of original work, and, just ns one ot tl)o ium cssary qualifications 
for an elementary teaclu'r is some edueatioii in nieihcd. s i a- necessary ijualification 
for a University teacher should he some ediu'ation in rcyenivh, Anytme desirous 
of qualifying for University leaching slmuld be compelled to th'vott' a certain 
portion of his stmleut career to reseun lu and the fuud^ of a University 
cannot bo better applied than to the releniioti of Uh* better stmlenls at the 
liiiivorsity for the distiuet purpose of (‘jiabling ihci.i to ptiisuc inve.stigation 
under the professor for a period i»f one year after they completed their 

degree course, if they Inive not betm able to do so ilming timir umhugraduate 
period. 11 is not, howeye.r, too iniicli to hopt‘ that (h* majority (d' th. .sc who are 
endeavouring to (juidify for the higher (>ducation:d }s’sis will be assisted to obtain 
this sptuual experience during their dicgn'e cour.se. i'uo'er the jn'escut system at 
ntost tbuvvrsilies, mib'ss the stuthmt has been fortunate enough ttt etatie in contact 
with a teacher imbued with the spirit, td' research who is cu'TV'ng on his own 
inve.stigaiitins, it rarely ha]>pens I hat he has the fii-’c er the means wliit'h would 
enable him to obtain any insight int<i Urn iiH'aiiing cf invi'st igatioji before he 
leaves it) tfike up teaching work. Tin* nee<l of post -g rod n.d-* m buiarsiiius for this 
purpose is \ery widely felt, and is now fr^'queiitly • *rey .'d. T'o insist rpun 
such (puilificaiions fur all University stmlenls is, ul fUr,.,., utuh'r jn’t-.M-nl r.on. 
ditious, ini])ossibIe ; but there should be no insuiawiibi ■ dltMi udy lu indding u^on 
them for those who are to be allowed to tMit(T a Uni^er>iIy U' teat he.’-, 

jiesearciu'rs are born, not madtg ami it is not by ..ny me:i!!.. doirubk' that all 
Univor.sily sludents should be <*asl. adrift, to make nev. n tiO'i ’les and seek dis- 
coveries even under the, direction of experieiicvul touchers ami iiui st ig.ditrs. This 
luiust depend to some extent upon the eharaet<‘r of liic pi'.pil a.^ \v<‘!i ;is id’ the 
teacher. 

The mere publicathm <d‘ pap<‘r.s may mean notldne, and imu li that is dignified 
with the name of research i.s of no aeeount. T’o turn a led i-u t'l n‘'‘Oandi. mile.ss 
it bo in the right .spirit, may be only to sel him a new e.X''ivise instead (d' an old 
one; to leave him to prosecute an invesligalion for himsell loay be eomlcmn 
him to disappointimmt and failure. <dn th<‘ otlur bend, to carry cm any piece 
of work, whether it be new or old, ni the zealous spirit of ioqu'iry, with faith 
in a purpose, i.s to insure the intelieetnul intere.st cd' the stmieut ; atid i cannot 
.see why this spirit should not animate all Univeiwlty <<lmati<n. wliether it be 
accompanied by original re.search or not. Th<‘ essonti.i! eunditimi is that th(‘ chief 
University teachers should tiiein.selveH create an atmoddmit* i f invent igalimi. 

So deeji-sc'iitcd is tlie belief that nothing tnu.A be nndcrtaki'ii without a pre- 
paratory course of training that even the be.st and im.sl brilliant student, s are 
frequently di.semmiged from^ undertaking a new stmly until they have bam 
subjected to the incmtal di.seipline of an elenumiary coure in it. 

I cannot refrain fmu (juoling an e.xamjile \vUi< ii came witln’u my own 
experience, although i have already allmled to it in amdlicr address delivered 
last year. 

When 1 was at Oxford a young Krenelmmn of e.xi eplimml ability, whose 
training had been almost exclusively literary and phib.vopliicrd, and wlio was at 
the time engaged on a theological iiuiuiry, e.xjnvased to mv hi«. lhat he had 
never learnt to understand by practical exp<‘rienee tiie Uieaning id seieiitiflc work. 
And when 1 a.s.sured him that nothing wins easuw thou to acipiire |inictlcal 
experience by taking up a piece of uetunl investigutiini timler tlr,* direction of a 
scientific worker, he explained to me that when ho had auplied fur ailmi.ssion to 
scientific laboratories he had been told that it wa.s useless to do .so until by 
preparatory courses he had . acquiretl an mUapinttj knowledge of muilumudics, 
physics, and chemistry. I offered to make the trial with him, ami began 
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vAth a problem that happened to interest me and that required a new method of 
simple experimental research. I soon found that a well-trained mind, able to 
grasp the meaning of the problem and eager to investigate it, could begin without 
delay upon the experiments, and in the desire to interpret them could find a 
pleasure and a purpose in seeking the necessary chemical and physical knowledge ; 
whereas to h^ive begun by acquiring this in a preparatory course, with no definite 
object in view, would have been to set back a mature mind to school methods of 
training and, very possibly to have stifled instead of kindling any real scientific 
interest. 

This' is, again, an illustration of my contention that the most special study, if 
ca,rriecl on in the true University spirit, is very far removed from ordinary 
specialisation, and involves very wide extension of interest and learning; whereas, 
if carried on in a preparatory spirit, it is necessarily limited. 

In a very short time this student had published three original papers which 
seem to me of considerable importance, though perhaps on a somewhat obscure 
subjecL, and 1 see that they are now quoted as marking a substantial advance in 
knowledge. 

Of course this is the exceptional case of the exceptionally able student; but I 
think it illustrates two things— firstly, the prevalence of the conventional attitude 
that preparation on school lines is necessary even for the post-graduate student; 
secondly, the fact that what is really necessary to the University student is 
the purpose, and that with this before his eyes he may safely be intrpduced to new 
fields of work. 

One result of the conventional attitude is that those who have distinguished 
themselves at school in some subject are often assumed to have a special aptitude 
in it, and to be destined by Nature to pursue the same subject at the University, 
whereas their school success may only prove that they are abler than their fellows, 
and that this ability will show itself in whatever subject they may take up. 
Such students would sometimes on coming to the University be all the better for 
a com})lote change of subject, without which the continuance of the school studies 
too often means a perpetuation of the school methods. 

Another result is that when teachers are always playing a somewhat mechanical 
part in a sy.st. 0 matised course, receiving duly prepared pupils and preparing them 
again for the next stage, such an atmosphere of preparation is produced that 
tiKiny persons continue to spend the greater part of their lives in preparation 
wil hout any reasonable prospect of performance. 

I am well aware that, on the other hand, there always have been and are 
now many earnest and accomplished University teachers who are pursuing the 
methods that I advocate,, whose teaching is always inspired with a purpose, 
wliose pupils are stimulated to learn in the spirit of inquiry, and who consequently 
■exorcise a personal influeiu'e that is profound and enduring. I am deeply con- 
scious how much I owe to some such teachers with whom I have studied and to 
•others whom 1. have known. But still it does remain true that this is not yet the 
atmosphere of ordinary University education, that it does not yet invigorate the 
ordinary University student, and that to him the passage from school_ to the 
liuiversiiy does not necessarily mean a transition from mental discipline and 
preparation to mental activity and performance. 

The distinction that I have in my mind between University and school teaching 
may he expressed in this way. At school no subject should be taught to a class as 
tho'ugh it wm’c intended to be their life work; to take an example, it too often 
happens at present, owing really to excessive zeal on the part of school teachers, 
that mathematics is taught as though each member of the class were destined to 
be<‘ome u mathematician ; consequently only the few scholars with a real aptitude 
for matiH-matics become interested, and the remainder are left behind. ^ On the 
other hand, at the University each subject should be studied as though it really 
wer(* tlu‘ life work both of teacher and student. Thus, to take the same subject 
as an illustration, the mathematical student will attend the full courses of 
his professors and will follow them with the interest of a mathematician; 
wheiHsis for the scientific student it will only be in those branches of 
mathematics which (-oncern him that the interest of his special science will put 
him OJi t(!rms of equality with the mathematical student. If I may choose an 
iliustraliun which is familiar to myself, any student of mineralogy can easily be 
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interested in and benefit by a euurse in spht'i’ieal trignnonielry. bin-aust! it is one 
of the tools of his trade, but to send him to lectures on differential e(|uations 
would be only to cliseouruj^e him. On the ether haiul, tin* student of ehemistry 
would rather be interested in the latter. To eiieh of thtau certain branches of 
mathematics as iang'ht by an ardent' teacher afford a real in(<‘llertnal training, but 
neither would gain much if comptdled to follow a general rniversity cunrso of 
mathematics designed for mathematicians. 

It will be observed that I have endeavoured bi eonfine myself the .subject 
of University e<hieation and not- to .say mueh, exeept b}* way of contrast, con- 
cerning school teaching. 

I must, however, return to it for a moment, if only to etnphasise the danger of 
that specialisation, which, since it takes place at .scluioj and not at the University, 
is bound to be narrow, and which is often encourag(‘d in pupils of special aptitude 
preparing for XJnivuu'sity scholarships. 

That a hoy or girl should for a year or even two years lad’im* b-uving school 
be practically confined to one. subject', and should before entering the I Jiiversity 
bo examined in that alone, appears t() me to be eontiairy to all the bt^sf traditions 
of school teaching, and to the often <‘xpress(‘d <Iesire of the Uiiivt'rsities to iiusure 
a good general edm-ation in timse whom they admit. There slumhl. I think, foe 
no scholarship examination whit:h d»>es not includt* several of the subjects of a 
normal .school curruadum, how-ever mueh atlditional weight may 1 m« given to 
any of them. Although it may be nect‘.s.sary tli.d Umversity entranu* sibolar- 
ships in one subjc'ct shonhl be given eitlnu* to eia-ourage its study or t(» di'-caver 
tho.se who have a speeial aptitude, yi‘t. ,s(t fur as schularships arc intended to be 
rewards for intellectual pre-eminence, tlu'.v should. I think, ra* directed to general 
capacity, and not Ik' used as an eTuaatragement to limit'd study. From what i 
have already said It will be clear that I do nut attach rmu h importance to spetial 
preparation at .school for tho.se who inteml to proceed to tlie Univmsity. If a Iwy 
has a very special taste or aptitude, it slnmld have abmulauf opportunity for tbs- 
})laying and exercising itself at the University, provideti only that it has not been 
stilled, hut has fowu given .some eiu'ouragemeni in the .s«’}mol curriculum. I under' 
.stand, for example, that those who (each such a subject a.s physiology at the 
University wcml(i prefer that their pupils .slmubl come to them from school with a 
general knowledge of chemistry ami physics rather than (hat they should have 
received training in })hy.sioIogy. With the pis-Mud nmdeni differentiation into a 
classical ami modern .side, or (heir <‘i|uivalents, the ordinary sidusd .Hubje<'ts 
should be sutfielent prepnratiiui for any University course if they are not mutually 
strangled in the pressure of an overcnnvded curriculum, 

To be fair, however, I must state anether view, A very experiemed college 
tutor who has had previous valuable i‘.xpcricnce as a nucsii'r ht a public school 
tells me that in his tspluiun the r<‘al problem of the ptddu' schook is the ’arrc.st ot 
intellectual developuamt that {ivertuke.s so many btjys at alaiut the agt^ of .sixtnun' 
'There are few puhlie sehoo!.H,‘ he says. ‘ wlncsi* fifth forms are not full of boys 
:)f seventeen or eighteen, many of tluun p<*rfectly orderly, well mannered, 
reasonable, in some semse the .salt of the place, e,\erci:dug great influence tit the 
school and exercLsing it widl, with a high .stantlard of public .spirit, kindly, and 
straightdiving, in whom, nevertheUsss, it is diflhult to reiugmse the brigltt, 
intelligent, if not very imlu.Htrioas. ehlid of two or thi-ce years Indore.' 

H© think.s that there is a leal ilunger i>f degeneration at this age, owing, for 
om thing, to the manner in which the boys are educated m hii **- ; up to u certain 
age boyi can foe herded together uml t-anght on the same lines without groat 
harm being done, but after a eertain time tlifferentiation la^giiw to set in. The 
school curriculum, liowever, does not admit of being adjusted tt» suit the ibiwning 
interests of a couple of hundred hoys; and he m*e^ ta* cure for this ddli»«lty 
except a considerable increase in the wtafT anti a corresponding tedmiion in the 
SIM of the fonns. Jlut he thinks that much may dime by an idtenitioii t» 
the system of matriculation exiuuinntion, wliiidi sets the standard at the public 
schools. He would make this consbt of two parts ; an e.xam!iudii*n namiig at 
about the age of sixteen and well within the reach of a buy of ordinary iniei 
ligence and Industry, and comprlHmg the ordinary .subjects cd' .scfuml I'luViculiim 
at this age; he would then let the imy leave the Hubjects from which he not 
likely to get much further ju-ofit and begin to spociiiliso for the reimuuiug two 
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or three years, say, in two subjects, which would then be the material of the 
second examination. In this way they would make a wholly fresh start at a 
critical age, and he thinks that the bulk of the boys would probably find this a 
great advantage. 

I quote this opinion because it shows that an experienced schoolmaster 
regards it as highly desirable that at a certain period in a schoolboy’s career a 
real change sliould be made in his curriculum, and I have expressly stated that 
I find it difficult to express an opinion upon this particular educational period. 

What should be the exact nature of the teaching before and after the age of 
sixteen or seventeen for the mass of ordinary boys 1 would prefer to leave to the 
decision of those who are best able to judge. I think it highly probable that 
there should be a considerable alteration of curriculum at the critical age. But, 
if a break and change of subject are required at this age, I believe that a yet 
more complete change is required at the later stage when the boy goes to the 
University, and that school methods should then be entirely replaced by Univer- 
sity methods — not because there is then a natural change in the mental powers 
of the student, but because it is the obvious stage at which to make the change 
if we are to abandon preparatory training at all. Should it be proposed that the 
change ought to be made at sixteen, and that after that age something ^of the 
nature of University methods should be gradually introduced, my fear is that 
this would only lead to the perpetuation of school methods at the University. 

An interesting question which deserves to be very seriously considered is the 
question, What sort of school education affords the best_ preparatory training 
fur the University ? I have often heard it asserted that, if a boy is capable of 
taking up at the University a course which is entirely different from his school 
(!our.se, he will generally be found to have come from the classical side and not 
from the modern side. An ordinary modern-side boy is rarely able to pursue 
profitably a literary career at the University, whereas it often happens that 
ordinary <'lassical-sido boys make excellent scientific students after they have 
kdt school I am bound to say that this is, on the whole, my own experience.. 
It suggests that a literary education at school is at present a better intellectual 
training for general University work than a scientific education. If this be so 
what is the reason? 

There an* no doubt many causes which may contribute. In some schools the 
brighter boys are still retained on the classical side while those who are more 
shtw are left to find their way to other subjects; and some whose real tastes have 
be«‘n suppre.'<st‘d by the uniformity of the school curriculum turn with relief to 
nt»w studies at the* University and pursue them with zeal. But the facts do also, 
! tiiink, point to .some defect in the present teaching of school science whereby a 
c<'rtain narrowness and rigidity of mind are rendered possible. This may be 
partly due to the lack of human interest in the teaching of elementary science; 
the .story of di.scovery has a personal side which is too much neglected, though 
it Jh more attractive to the beginner and might with advantage be used to give 
soiiu* insight into the working of the human mind and character. Moreover, it 
would form an introduction to the philosophy of science which is at present so 


.strang4'lv ignored hv most teachers. . , . , . 

But another noteworthy defect is the absence of that mental exercise which is 
proviileil bv the thoughtful use and analysis of language. 

I believe that the practice of expressing thoughts in carefully chosen words, 
whifh forms so large a part of a good literary education, constitutes a mental 
training which can scarcely be surpassed, and it is unfortunately true that m 
the nonditerarv subjects too little attention is paid to this practice. In school 
work and examination.s a pupil who appears to understand a problem is often 
alluwed full credit, although his spoken or written answer may be far from clear. 

is a great mistake. A statement which is not intelligibly expressed indicates 
wmif cmifusicm <if IhouKhtj and, if scientific teaching is to m^ntan its proper 
position as a mental training, far more attention must be paid to the cultivation 

of a lucbl St vie in writing and speaking. i,* v. 

'fhe various Universities seem fairly agreed upon the subjects which they 
regard us essential to an entrance examination-subjects which may be taken to 
iumlv the giHuuvdwork of a liberal education. Among these is English . and 
yet of all ‘the subjects which children are taught at school there is none m 
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whif ii i'''U<'h pour rt'sulls uvo hicvi'ii. O In* .lA .-t .uui znulous 

U'julu'i's; the exmninntiou pujioi.s ari* niau. and .''et’jti y !«'• uii/ a i iiiuith*]-. 
able know led L';e of khij;-Iish literatmv and . -nr, t-ider, tide .-kid i" ter ’nanipnlation 
of the irn, linage, and yei the i'aet ivinabu that tlj- p.iuer .<■ .O;..!-!,. int.‘lli,«;ihle 
expressitui is not one fliat is pos-e>sed by tiie .{\er,ine >> !; ;• v .r’: i m honljj’rl. 
lt< is the iiTiist lu'eei'Sury part td wlint- shonhl be an ad«np: , e i pdj ei ms! tor tne 

affuit's of lifi' wlietht'i' the pupil pas.^e^ ti* the I uiv *rsity <<, ai j. ar.d \et if i;; an 

the wlnde that wldeh is least aM|idre«l. 

AhluHip'h it is true t'lat the in’e'be ‘id re, .dine a. ^1 .'Oi.b. ■ ' d' . 

slieidd ar. isi in tin* aep*?'. .il i.ei < .'•tvb'. it n- eee ‘i yn, r'et, it I’niy 

ar.'o t.i Ik* r<*^ai‘dM! a,, a s;h-l ta k. tli-'y un u tl \v‘' ‘ e dii nhVrtiuu. 

e.speeially in these days id' erowded mrrieuir, elien tin re !■ . , ■ n i, uri* tor tlu 

enjoymetit of a book that reqaire.. delibeiate veidin',-. Il y,. e d. ‘n j-ti'emnaa. 
eurvieuluni of \vork«Juul i;-aines bus aboHsbed the hiatrr P h '** ubn abolishes 
leisure, Jind has t.herefore reaioeed one ef the oppor?iniin« » die y,ed to exist 
for the eultivat itni of literary and aitisde tastes .»ud piusu* ■' by jI; .-e t»* wltom 
they are eougenial. Tdie art of espressin^t our’s idea-, in suonit . j-uahtSorward 
lun!;u:ij:5<' is to be lU'quired not so uiu» b by efuily a< by tu.n! lliere is ut 
essential reason why ehildren sboidd v.rite than itiev orP,,; ib y do m 

heesUKse th(*y have eonstant praitin in tlie one ate! btfie phi, ! »»> ii* iln* odu'r. 
Our m'randfi.'n'eiils felt. l(*s« dilHeulty in oxpressiin, ihe.ost.U, . . nly than we ih 

ourselves t <d' this their letters are evldune. It n a v Inue hi a p,ntl\ due t* 

the fuel that they had more time and eneomaL'emeut i. i ’ i uieiv readiipi, 
thotigb they had nul so nmeh to re;;il; but i l>e{ie*.i that th'. iet rj whiii) the}’ 
wrote as ehildren were theii nal edmalioti itt the art of witi \ „ b»'. 
w’ould he jj;ained if buys and qirls we.e iomtanlly repute. -d i » \ji» , tfn ie own 
meaning: in d’lm set e^say and tiie /on f.* pl.pv a tt end p,jr. bn? ilo iiol 

do all thilt is needed, 'rranslatioa doe^^ tint ^i\e ipiite tin- s,. tr .nv » see* ise. 
What is I'iSjuiri'd is eonstant, wit ii eert.dn perioii:. of eoast i m -. \ ! .i* ! h e, and titat 
is only to be oblained by niakin,..i every pine of >rhotii wnek ip a hi, h the Kn^lidi 
lnnj;'uap‘ is ns.‘d an exeri'ise in Im id lo.pie. .don. \‘rry few | ,.t peph:- in an}, 
thiipj; w’l'itU'n by the ordinary sehoollnw or. for the m- Her .0 th,P, b> tin* 
ordinary edui'aled Mn,uli>linian are wirdly intelHuible, .lud te.i»heiN lanuot 
dovote' too ii'tieli [lains to erilieisiny all wrinen v\ork tn>m thi'. p< 'iii oi e iew , if 
wo first learnt by pramiie to I'Miroh}, our n.eanino ile.oly w. diMid i lie moie 
likely to aeipdre the i^raees of an eb'f.ianl .style later. 1 noot -*dd tlj.U 1 beb**ve 
the triuninjj; in the manipnlation of wortls \YiMdd be inijjrev*‘d i; ol 1 hddieji were 
re({uired to prnetLse tin* writing of KuuHsb verse not in ehoris to poetry, 

but narrative ver.M* used to express sinqde idea.H in plain I n^n.iu* and 1 belie\e 
that thi.s would enalde tliem tin* better to ujiprrelati- poetry, fin* h *.»■ of wbieii is 
poH.sibly now to .some extent .stilled by the pi'dnntie study of bemitilul poems 
treated u.s sehool tasks. 

In .sueh a subjeet ns Ktqdisb eompo.sitioii, in wliieb refotm i** .*<0 badly needed, 
something, perhaps, would be gainml by an entire break wnh esi?'iing thnli 
tioiis a break of the .sort whieh would b»» rnpdred if il bei.nue '.iiddenly neees 
.sury to provide for an entirely iupv type of stmienl. 

Now, there i.s one new and irjt«*re.sting deVi‘}opment in whit h. for ih.- liiwt frir**. 
an opportunity offers itself of dealing with ii body of studenl*. wht ♦. aitbonulk 
possessed of more than average int<'iligenre and enthnsia.HUp h.'i.* not ovejv*‘d the 
conventiomd training wliielj lernks to a University I’onrse, The hifmod rheas 
for working }K*ople whieh have now lieen undertaken by mwcmI I iinei '*t!» • . 
and whh'h already mnnlwr about T2tM> atnderits, art* ntfemlrd by p-i-'Mie, tap* 
fully sideeted for the purpose and nttxions to pursue a nieiniimi'. lom- e *d 
study of an advaneed .standard. ,In thtsr* ebisses the riiiverso u«*.v wdl b*- imp 
pelled to begin new rubjeets for htmlentn of mulnred minds who It.ae not 
received the usual preparation, and will therefore tieecMWirily ded viilt »be»M in n 
new way. Hew, if anywhero, the differenee Iwlween school method^ ot tembing 
and University methods ought to bo apparent; and I fwl sure flmi. if I'ltiver 
sity teachers attempt conventional nsethods with these studfiifs, ihry ill !»«’ 
condemned to failure. Ft is certain that these c!as.se.H will im reuse l Urrmoudy 
and rapidly, and I have greM hoj>c that they will for thi.s rr.-i.mi ioflmmre tlm 
methods of University tea<’hing in a very healthy manner. In the tntmial i 
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the {eachors will Iw i-onfronied with tb? entirely jiev; problem of students 
who ha,V(‘ thmu;’hl imu ii. and of whom riiany are experienced speakers, \vel] able 
to express tlieir thoughts by the s])oken word, but who, iieveidheless, have 
received little training, and have had still less exj)en’encej in ex]>ressing their 
ideas in writing. .Many of the students whom 1 have met luive told me that this 
dilheulty of writing is their real obstjiele, and the matter in which they feel the 
want of <‘xperiencj;* nujst acutely. It will be a very vaUialile exorcise for those 
who (‘omliuh these classes to iustniet their student, s in the art of writing simple 
and intelligible English, and 1 hope that the necessity of giving this instruction 
will hav<' a gooil effect, u[)()u the conventional methods of teaching English 
in schools as well as in Universities. 

I am eunseious that tin’s addriv's is lamentably iueoin))let8 in thaf it is con- 
ctu'jied only with the manner of University teaching, and searc^ely at ail with 
i.s imitti'r, ;nu! that, to carry any convielioti, I should address myself to the 
task of working out in (hdati llie suggestions that 1 have made. But this would 
lead me far beyond the limits of an address, jind I tim eonfetit to do little more 
than tomh the fi'ingv of the prohhmi. ikdiieed to it.s .shnplest terms, this, like 
.'<0 nh'iiiy ediicatinmd problems, involves an attenifd to reconcile two more or less 
iueompalihle aims. 

The !:e(juisitiou of knowledge and the training of the mind are two instij)arablfl 
aims of (‘ducat ion, and yet it often a))pears ditrieult to fn'ovidc adequately for the 
om^ wifl'out m‘gi<‘eting the oilier. If (‘hildhood is the time wdien ■ systematic 
training is niosi desiralth' it' is also the time when knowledge Ls mo.st ea.sily 
ae({niri‘d; if early manlujod is the time, when .special knowledge must be .sought 
it is also tlu' time whmi training for the spetaal business of life is necessary. 
To withdraw from the child the o])portuni(itis of absorbing knowledge may be 
as harmful as it is unnatural; to turn a. young man or young woman loo.se into a 
profe-sion without proptu’ preparation is cruel, and may be di.sa.strous. 

.\nd so W(‘ g<‘l tlu* battle of .syllabu.sg time-talde, .seholar.shlp.s. exainination.s, 
pn dV.wsi I m a 1 Iraining, {(‘chnieal iiisLnietion, under all of which lie.s the di.sturbing 
di.st iui't ion In'lwt'en training ami knowledge. 

But. if we inqnii’i* further into mailers, 1 think we shall tiiid that the 
fundamental qius*<tion i.*-' tit a large mxtent one of resjtonsibility. Left to himself, 
a hoy or a man will ;u’tpnre a knowhulge (d' the things which inlere.st him, even 
though they b(‘ ojily Bu* art.s of a pick['o«ket, a.u(l will obtain a training fisnn 
e.Kpericm e sm !i as no .selutol or colh'ge. can give. If edueation is to aehiove the 
gn*at purpo.s(‘ of inlere.Hting ;uul instrmding liim wh'Ie young in the right objeet.s, 
and also of training him for the projter luisitie.s.s of his life before it Ls too late, is 
it not n.ainly a question of ileeiijing when and how far to take for him, or to leave 
to him. file responsibility of what he is to learn and how he i.s to learn iff If 
th<‘ tixteluu' lieais the re.spousibility during the period of school training, should 
not the student liuvt* a large share of responsibility in the quest of knowledge at 
the University y 

Now, it is of tin* essence of resjionsibility that there should be somelhing 
sudden and tmexpeetml about it. U, before imtting a young man into a jxmitiim 
of trust, you hs'u! him through a kindergarten preparation for it, in whiidi In* plays 
with tln‘*.<emhlam'e before being admitted to the reality, if you teach him first 
u!i the rules and regulations which .should prevent him from niakini^ a mistake, 
you will effet 'uully smother his iudepemlenee and stifle his initiative. But 
plunge him into a new e.vperieme and make him feei the responsibility of his 
po.Nition, and you wd! give him the impulse to learn his new duties and the 
opportunity to show his real powers. It is because I f<*el that this sudden en- 
tiauee into an environment of ia*w re.spom'ibility is so n».see.ssary that 1 would 
r gard wid* suspicion any attempt to provide a gradual transition lielween school 
ami University methods. 

Ill matters of discipline ami self-control it is possible and advisable to place 
respuiisibility upon school children; in inteliei-tunl mattiTs it is not advisable, 
exctipt for the few who are matured beyond their years. It i.s, ilierefore, all 
the 'more necessary that this should he dime at the moment when they enter the 
University. 

This shonh! be the moment of whieh Kmer.'ion ,says : ‘There is a time in 
every man's t'ilueatioii when he arrives at the conviction that he must take him- 
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self for better or worse as his portion; that, though th«' wide universe is full of 
good, no kernel of nourishing eorn can come to him Ind through his toil bestowed 
on that plot of ground which is given him to till, 'i’lie power whith resides i'n 
him is new in Nature, and none hut he know.s what that i.« which In* cun do. nor 
does ho know until he ha,s tried. ’ 

The spirit of indepemkmt iiupiiry, which .‘should domiiuib* all ruivmity 
teaching and learning, is not to be mcasurtal, a.s I have aliyady said, by the 
mimber of memoirs published, hut it is to lu' ttc^tml hy the t*\ti‘ut to which 
University students are engaged upon work for which they feel a' rt'sponsihility. 
Visit the Universities at the jiresent moment, and, in spile of all the ailmirahlu 
investigation which is being carried on. ytni will fiml the majority of .students 
engaged in exercises in whieh they feel no rt*sptm.sibi!ify whaPwer, In my 
opinion this indieuti^s that for them the .spirit of true Uiuver.<ity education has 
never been awakened. It is, after all, very largely a (|uestion of attitude of 
mind. Any suhjetd- of study, whether it be a simmtitic experiment or an his- 
torical event, or the signitieance of a text, is a matter of intm'pretation. and to 
approach it in the University .spirit, is to approach it with th«‘ qmvsiion. * Is thi.s 
the right interpretation?’ Upon that ijue.stion can be hung a whole pliiUsophy 
of the subject, and from it can prttceed a wlmlc .MU'ies of inse.-tiuaiious : it em- 
bodies the true spirit of resean-h and it opens tin* door to true learning. 

In diseuKsing Univer.^ity <*ducation I have not, of course, foruoit^m that many 
persons have taught them.selve.s up to a Univeiwity standard cniirely without the 
aid of i)rofessor.s ; indeed, tin* Univi-rsity of Lomlon long ago pit-vidcd ati avenue 
to a IJuiversily degree which Ims liecn su«*t essfully folhnvcd by maity sm h persons 
with the best po.ssible resulls. Hut ! have t'ndetivoureil tti retititid you that at 
the TJniver.sity as at school for mo.sf students the per'^onal iutlmiicc rf ihe teacher 
is the important thing; that at the University as at school mo in teat lung 
dejamds mainly on the tuxtent to wlih-h tlu* interest of tin* stmhnf b, aroused; 
and that at the University this is only t(» la* dom* by pro\idijig hin; with a 
purpose !iml a. responsibility in his w<»rk in order thal Ise may understand to 
what cuncluslou.s it is leading him. Until this is done wi* shall Util h;i\e Univer- 
.siiy .students complaining that they do not see the object of wliat ilicv are h'arning 
or understand what it all means. This complaint" whidi 1 ha\c* often heard 
from past and present students t»f different Universith*s. sugge.-tf d to me thiit I 
.should on 'the present occasion deal with this <lefect in our cudommy mftliods, 

In the htipo that the attention of Univi‘rsity teaeh(*rs may be' turmai more 
fully to this aspect of their work I have ventured to make it/the ;nb}eit of my 
address. 



